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ABSTRACT 
This report presents the final documentation of the breadboard model 
of a miniature spaceborne memory. 
has the following characteristics: 





I npu t Vol t a ge s 
Power Consumption 
(excluding converter losses) 
Operating Temperature Range 
Magnetic, thin film, plated-wire. 
1,216,512 bits. 
500-kilocycle serial bit rate. 
Nondestructive readout, serially addressed 
buffer memory. 
+24.5 volts 42% 
- 3 . 0  volts 42% 
St and by: 0.579 watts 
500-kilocycle writing: 1.60 watts 
500-cilocycle reading: 1.64 watts 
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SECTION 1 
INTRODUCTION 
The o b j e c t i v e  o f  t h i s  c o n t r a c t  was t o  d e s i g n  a 2.8 x 106-bit M i n i a t u r e  
T h i s  memory was t o  have  two i n d e p e n d e n t  memories Spaceborne  Memory System. 
o f  1 .4  x 106-bits. 
d e l i v e r e d ,  and t h e  main o b j e c t  o f  t h i s  r e p o r t  i s  t o  document t h e  b r e a d b o a r d  
model t o g e t h e r  w i t h  a memory exerciser which h a s  been d e l i v e r e d .  
A b r e a d b o a r d  model o f  a 1 . 4  x 106-bit memory h a s  been 
The d e t a i l s  o f  t h e  d e s i g n  o f  t h e  s y s t e m  have  been r e p o r t e d  i n  t h e  
I n t e r i m  E n g i n e e r i n g  R e p o r t  which was s u b m i t t e d  a t  t h e  c o n c l u s i o n  o f  t h e  de- 
s i g n  phase .  The main o b j e c t  o f  S e c t i o n  2 i s  t o  p r e s e n t  a summary o f  t h e  
s i g n i f i c a n t  development  and problems e n c o u n t e r e d  d u r i n g  t h e  p r o j e c t .  S e c t i o n  
3 p r e s e n t s  f u r t h e r  background i n f o r m a t i o n  on t h e  p l a t e d  wire and  g i v e s  t es t  
p r o c e d u r e s  and r e s u l t s .  
The b l o c k  d i a g r a m  and t i m i n g  d i a g r a m s  a r e  p r e s e n t e d  i n  S e c t i o n  4 t o g e t h e r  
w i t h  t h e  d e t a i l e d  i n p u t - o u t p u t  s p e c i f i c a t i o n s .  
The p a c k a g i n g  o f  t h e  b r e a d b o a r d  model and memory exerciser i s  shown i n  
S e c t i o n  5. 
The componenr: s e l e c t i o n  and t h e  d e s i g n  d e r a t i n g  r u l e s  a r e  g i v e n  i n  
S e c t i o n  6 .  
R e p o r t  and t h e  c i r c u i t  s c h e m a t i c s  a r e  i n c l u d e d  i n  Appendix I .  S e c t i o n  7 
g i v e s  t h e  resu l t s  o f  s y s t e m  t e s t .  
The c i r c u i t  d e s i g n  r e p o r t s  were g i v e n  i n  t h e  I n t e r i m  E n g i n e e r i n g  
The d e t a i l e d  l o g i c  and c i r c u i t  d r a w i n g s  a r e  g i v e n  i n  Appendix I t o -  
g e t h e r  w i t h  a l l  i n f o r m a t i o n  n e c e s s a r y  f o r  t h e i r  u n d e r s t a n d i n g .  
The main m e c h a n i c a l  d r a w i n g s  f o r  t h e  memory s t a c k ,  which h a s  been pack- 
aged  i n  i t s  f i n a l  form,  a r e  g i v e n  i n  Appendix 11. The d e t a i l s  o f  t h e  d e s i g n  
o f  t h e  s t a c k  were p r e s e n t e d  i n  t h e  I n t e r i m  E n g i n e e r i n g  R e p o r t .  
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2.1. STATE OF DEVELOPMENT AT START OF PROJECT 
P r i o r  t o  t h e  commencement of t h i s  p r o j e c t ,  Univac comple ted  and de-  
l i v e r e d  a r e s e a r c h  model memory sys tem t o  NASA Goddard Space F l i g h t  C e n t e r .  
T h i s  b u f f e r  memory c o n t a i n e d  a p p r o x i m a t e l y  1 0 0 , 0 0 0  b i t s  o f  m a g n e t i c  t h i n  
f i l m  p l a t e d  wire s t o r a g e  c a p a c i t y .  I t  o p e r a t e d  a t  a 1 0 0 , 0 0 0  b i t  p e r  second 
i n f o r m a t i o n  r a t e  i n  a n o n - d e s t r u c t i v e  r e a d o u t  mode. I t  r e q u i r e d  88 m i l l i -  
w a t t s  o f  s t a n d b y  power p l u s  94 mi l l iwa t t s  o f  l o s s e s  i n  a d .c .  t o  d . c .  con-  
v e r t e r ,  
write mode was 379 mi l l iwa t t s  p l u s  167 m i l l i w a t t s  of  c o n v e r t e r  l o s s e s .  
The maximum o p e r a t i n g  power d u r i n g  a c o n t i n u o u s  100 KC i n f o r m a t i o n  
Design and development  o f  a 2.8 m i l l i o n  b i t  c a p a c i t y  p l a t e d  wire memory 
s y s t e m  was begun i n  November 1964. 
and m e c h a n i c a l l y  i n d e p e n d e n t  h a l f  memories o f  1 .4  m i l l i o n  b i t s .  A r e s e a r c h  
model o f  o n e  o f  t h e s e  h a l f  memories h a s  been  b u i l t .  
h a s  been i n c r e a s e d  by a f a c t o r  o f  5 t o  500,000 b i t s  p e r  second.  
i t y  o f  t h e  memory h a s  been i n c r e a s e d  1 4 . 7  t o  1 t o  1 , 4 7 4 , 0 0 0  b i t s .  
a t i n g  t e m p e r a t u r e  r a n g e  h a s  been  i n c r e a s e d  from 70'6 (-2OOC t o  +50°C) t o  
100°C (-2OOC t o  +8OoC) and t h e  s t o r a g e  t e m p e r a t u r e  was set a t  +150°C t o  a l -  
low s t e r i l i z a t i o n  o f  t h e  memory. 
c o u l d  b e  packaged i n  a Nimbus package  6 i n c h e s  by 4 i n c h e s  by 13 i n c h e s .  
The d e s i g n  s p e c i f i e s  two e l e c t r i c a l l y  
The o p e r a t i n g  speed  
The capac-  
The o p e r -  
The model must d e m o n s t r a t e  t h a t  t h e  memory 
The s t a n d b y  power consumption o f  t h e  memory i s  a p p r o x i m a t e l y  580 m i l l i -  
The  o p e r a t i n g  power consumption d u r i n g  a c o n t i n u o u s  500 KC write op- watts. 






2 .2 .  RELATED AREAS OF PAST AND CURRENT DEVELOPMENT 
P l a t e d  wire memories a r e  used e x c l u s i v e l y  a s  t h e  main memory f o r  t h e  
new 9000 ser ies  of  commercial computers.  I n  a d d i t i o n  t h e  f o l l o w i n g  are some 
of  t h e  completed c o n t r a c t s  which r e l a t e  t o  a e r o s p a c e  p l a t e d  wire memories. 
PLATED WIRE NONDESTRUCTIVE READOUT MASSACHUSETTS INSTITUTE 
MEMORY PLANE OF TECHNOLOGY 
CONTRACT NO. 318-IL-H-222310 INSTRUMENTATION LABORATORY 
13 ,000-b i t  memory s t a c k s  have been d e l i v e r e d  f o r  a h i g h - r e l i a b i l i t y ,  
a i r b o r n e  weapons system. The s t a c k  a c c e s s  time i s  less t h a n  2 micro- 
s econds ,  and t h e  s t a c k  w i t h s t a n d s  s e v e r e  mechanical  shock. The s t a c k  
w i l l  be  expandable  t o  twice i t s  c a p a c i t y .  
i s  a l s o  provided t o  exercise t h e  s t a c k .  
A se t  o f  memory e l e c t r o n i c s  
SATELLITE MEMORY - FLIGHT UNITS 
CONTRACT NO. N-163-12940(X) 
NAVAL AVIONICS FACILITY, 
I NDI  ANAPOL I S 
Two comple te ,  s p e c i a l - p u r p o s e ,  p l a t e d - w i r e  memory systems have been 
b u i l t  f o r  u s e  i n  an  o p e r a t i o n a l  s a t e l l i t e  system. These u n i t s  u s e  one- 
t e n t h  of  t h e  power and r e q u i r e  one-half  o f  t h e  volume and weight  o f  t h e  
f e r r i t e  c o r e  p r e d e c e s s o r .  
SPACECRAFT MEMORY 
CONTRACT NO. NAS 5-3171 
GODDARD SPACE FLIGHT CENTER (NASA) 
A p r o t o t y p e  o f  a 100,000-bi t  p l a t e d - w i r e  s p a c e c r a f t  memory was des igned  
and d e l i v e r e d  t o  NASA. 
b i t  o p e r a t i o n ,  NDRO, and 015-watt power d i s s i p a t i o n .  
F e a t u r e s  o f  t h e  memory a r e  100-k i locyc le  s e r i a l -  
MEDIUM-SPEED MASS RANDOM-ACCESS 
MEMORY - ( F e a s i b i l i t y  Model) 
CONTRACT NO. AF 30(602)3825 
A f e a s i b i l i t y  model o f  a 1 0 0 - m i l l i o n - b i t  p l a t e d - w i r e  memory i s  be ing  
b u i l t .  
o f  a program t o  deve lop  a nonmechanical mass memory. 
mary g o a l s  i s  a manufac tu r ing  c o s t  less t h a n  1 c e n t  p e r  b i t .  
ROME A I R  DEVELOPMENT CENTER 
T h i s  model w i l l  be p a r t i a l l y  popu la t ed  and i s  t h e  second phase  
O n e  o f  t h e  p r i -  
MANUFACTURING TECHNIQUES 
CONTRACT NO. AF 33(615)3019 
A I R  FORCE MATERIALS LABORATORY 
WRIGHT-PATTERSON AFB, OHIO 
Manufactur ing t e c h n i q u e s  were developed f o r  p roduc ing  p l a t e d  wire i n  
g r e a t  q u a n t i t y  a t  low c o s t .  
p l a t e r  c a p a b l e  o f  p roduc ing  60 m i l l i o n  b i t s  p e r  y e a r  a t  a d e n s i t y  o f  22  
b i t s  p e r  i n c h  o f  p l a t e d  wire. 
The r e s u l t  o f  t h e  c o n t r a c t  i s  a wire 
4 
2.3 PROBLEMS ENCOUNTERED I N  PROJECT 
The s t a t e  o f  t h e  a r t  o f  p l a t e d  wire t e c h n o l o g y  h a s  been advanced i n  
e v e r y  p h a s e  d u r i n g  t h e  p r o j e c t .  
and problems e n c o u n t e r e d  i s  p r e s e n t e d  i n  t h i s  s e c t i o n .  
A summary o f  t h e  s i g n i f i c a n t  d e v e l o p m e n t s  
2.3.1. PLATED WIRE ELEMENT 
A t  t h e  b e g i n n i n g  o f  t h e  p r o j e c t ,  p l a t e d  wires had o n l y  been produced 
i n  a r e s e a r c h  l a b o r a t o r y  and t h e r e  had been v e r y  l i m i t e d  l i f e  d a t a  t a k e n .  
One o f  t h e  f i r s t  problems e n c o u n t e r e d  i n  t h i s  phase was t h a t  t h e  u n i a x i a l ’  
a n i s o t r o p y  o f  some p l a t e d  wires was d e g r a d e d  under  h i g h  t e m p e r a t u r e ,  h a r d  
f i e l d  c o n d i t i o n s .  An i n v e s t i g a t i o n  showed t h a t  a n  e a s y  f i e l d  m a g n e t i c  an- 




4 .  
M a g n e t i z e  t h e  wire 
P l a c e  o n  t e f l o n  c o a t e d  t r a y s  i n  oven and p u r g e  w i t h  95% argon-  
576 hydrogen.  
R a i s e  oven t e m p e r a t u r e  t o  15OoC and m a i n t a i n  t e m p e r a t u r e  f o r  12 
h o u r s .  
Reduce t e m p e r a t u r e  t o  125OC and m a i n t a i n  t e m p e r a t u r e  f o r  6 h o u r s  
w i t h  a h a r d  a x i s ,  5 o e r s t e d  f i e l d .  
by p a s s a g e  o f  150 ma d i r ec t  c u r r e n t .  
The l a s t  s t e p  was per formed t o  t e s t  f o r  t h e  e f f e c t i v e n e s s  o f  t h e  e a s y  
f i e l d  a n n e a l .  
t h i s  manner ,  poor  y i e l d s  were o b t a i n e d  and 100% t e s t i n g  was r e q u i r e d .  
i n v e s t i g a t i o n  showed t h a t  t h e  m a g n e t i c  a n n e a l  must be per formed w i t h  c u r r e n t  
f l o w i n g  i n  t h e  p l a t e d  wire t o  a s s u r e  t h a t  t h e  u n i a x i a l  a n i s o t r o p y  i s  niag- 
n e t i c a l l y  a n n e a l e d  i n t o  t h e  n i c k e l  i r o n  a l l o y .  
Al though some o f  t h e  wires i n  t h e  memory were p r o c e s s e d  i n  
An 
D u r i n g  t h e  time t h e  above  work was b e i n g  d o n e ,  a p l a t e d  wire manufac- 
t u r i n g  f a c i l i t y  was set  up t o  produce  wire f o r  t h e  9000 series o f  computers .  
On- l ine  ovens  were i n c l u d e d  i n  t h e  p l a t e r s  t o  p e r f o r m  t h e  e a s y  f i e l d  mag- 
n e t i c  a n n e a l .  U s i n g  t h e s e  wires t h e  f o l l o w i n g  p r o c e d u r e  was set up: 
1. Bend t h e  wire i n t o  t h e  h a i r p i n .  
2. P e r f o r m  a h a r d  f i e l d  a n n e a l  a t  125OC. 
3. T i n  t h e  wire. 






The wires p r o c e s s e d  i n  t h i s  manner were i n i t i a l l y  100% t e s t e d ,  b u t  i t  
was s h o r t l y  found t h a t  t h e  wires c o u l d  be t e s t e d  on  a s a m p l i n g  o f  t h e  b a t c h .  
A b a t c h  o f  wires c o n s i s t s  o f  s e v e r a l  hundred wires made c o n t i n u o u s l y  on t h e  
same p l a t e r .  
i n  t h e  memory s t a c k .  
A sample t e s t  p r o c e d u r e  was set  up which a s s u r e d  h i g h  y i e l d s  
The d e t a i l s  o f  t h i s  p r o c e d u r e  a r e  g i v e n  i n  S e c t i o n  3.2.  
Life t e s t s  per formed on many b a t c h s  o f  p l a t e d  wires have shown no l o n g  
term a g i n g .  Some wires, however,  have  d e v e l o p e d  bad s p o t s .  T h i s  i s  a t t r i b -  
u t e d  t o  minor  s u b s t r a t e  f l a w s  such  t h a t  t h e  l o c a l  m a g n e t i c  moments t e n d  t o  
l i n e  up w i t h  t h e  s u b s t r a t e  flaw. B a t c h s  which e x h i b i t  t h i s  c h a r a c t e r i s t i c  
a r e  r e j e c t e d  d u r i n g  t h e  t e s t i n g .  
2 . 3 . 2 .  CORROSION PROTECTION OF PLATED WIIES 
P r i o r  t o  t h i s  p r o j e c t ,  t h e  p l a t e d  wires were c o a t e d  w i t h  a p o l y u r e -  
t h a n e  t o  p r e v e n t  p o s s i b l e  c o r r o s i o n .  
v e s t i g a t i o n s  were u n d e r t a k e n  t o  e l i m i n a t e  i t .  
T h i s  was a v e r y  c o s t l y  p r o c e s s  and i n -  
P r o t e c t i v e  o v e r p l a t i n g ,  u s i n g  t i n ,  g o l d  and rhodium, was t r i e d  t o  pro-  
t e c t  t h e  m a g n e t i c  f i l m  from c o r r o s i o n .  I t  was found t h a t  t h e  p r o t e c t i v e  
c o a t i n g  t e n d s  t o  b e  damaged by c o n t a c t  w i t h  t h e  mercury c u p s  used t o  make 
e l e c t r i c a l  c o n t a c t  w i t h  t h e  wires d u r i n g  m a n u f a c t u r e .  It  was a l s o  found 
t h a t  a p i n h o l e - f r e e  c o a t i n g  was i m p e r a t i v e ,  and t h a t  c o a t i n g  s u f f i c i e n t l y  
t h i c k  t o  be  free o f  p i n h o l e s  r e d u c e d  t h e  m a g n e t i c  o u t p u t  o f  t h e  wires. 
Damaged o r  p i n - h o l e d  c o a t i n g  proved t o  p r o d u c e  more c o r r o s i o n  i n  wires t h a n  
was s e e n  i n  u n c o a t e d  wires. 
An e x t e n s i v e  i n v e s t i g a t i o n  showed t h a t  t h e  p l a t e d  n i c k e l  i r o n  a l l o y  
d i d  not  need c o r r o s i o n  p r o t e c t i o n  a g a i n s t  a h i g h  t e m p e r a t u r e ,  h i g h  h u m i d i t y  
a t m o s p h e r e  when t h e  wires a r e  i n  t h e  memory t e f l o n  t u n n e l  m a t e r i a l  and have  
been  p r o p e r l y  c l e a n e d .  The l a s t  s t e p  i n  t h e  wire m a n u f a c t u r i n g  p r o c e s s  i s  
t o  c l e a n  t h e  wires, and t h e  c o r r o s i o n  problem h a s  been s o l v e d  s imply  by 
u s i n g  careful  h a n d l i n g  p r o c e d u r e s  u n t i l  t h e  wires a r e  i n s t a l l e d  i n  t h e  mem- 
o r y  p l a n e s .  
2 . 3 . 3 .  &TURN WIRE 
The p l a t e d  wires i n  t h i s  memory s t a c k  a r e  on 15 m i l  c e n t e r s .  T h i s  i s  
h a l f  t h e  s p a c i n g  o f  t h e  p r e v i o u s  memory d e s i g n .  A t  t h i s  c l o s e  s p a c i n g ,  i t  






c a n c e l l i n g  wire a s  p a r t  o f  t h e  s e n s e  l i n e  c i r c u i t .  I t  was n e c e s s a r y  t o  
d e v e l o p  a r e t u r n  wire t h a t  matched t h e  a t t e n u a t i o n  and d e l a y  c h a r a c t e r i s t i c s  
o f  t h e  p l a t e d  wire, d i d  n o t  g i v e  any s i g n a l  o u t p u t ,  and p r o v i d e d  t h e  same 
m a g n e t i c  i n t e r a c t i o n s  w i t h  t h e  a d j a c e n t  p l a t e d  wires. T h i s  problem h a s  been 
s o l v e d  i n  two p o s s i b l e  ways. The f i r s t  way i n v o l v e s  a s p e c i a l  p l a t i n g  w i t h  
d i f f e r e n t  m a g n e t i c  c h a r a c t e r i s t i c s  from t h a t  used f o r  t h e  memory wire. The 
second i n v o l v e s  t h e  u s e  o f  a r e g u l a r  p l a t e d  wire and a t h i n  c o p p e r  wire i n  
o n e  t u n n e l  s t r u c t u r e .  
The second a p p r o a c h  was chosen b e c a u s e  o f  lower  c o s t .  The  f i r s t  ap- 
p r o a c h  r e q u i r e s  a p l a t i n g  a p p r o x i m a t e l y  f i v e  times a s  t h i c k  a s  t h e  r e g u l a r  
p l a t e d  wire. 
magnet os  t r i  c t  i o n .  
Such a wire must be p l a t e d  v e r y  s l o w l y  t o  a v o i d  e x c e s s i v e  
2 , 3 . 4 .  HAIRPIN WIRES 
I t  was d e c i d e d  e a r l y  i n  t h e  p r o j e c t  t o  d e v e l o p  a t e c h n i q u e  o f  b e n d i n g  
t h e  wire i n  t h e  s h a p e  o f  a h a i r p i n ,  w i t h  t h e  two h a l v e s  o f  t h e  h a i r p i n  b e i n g  
i n  two d i f f e r e n t  p l a n e s .  
wire i s  s o l d e r e d  o n l y  a t  one  end o f  a p l a n e .  
a n  e x c e l l e n t  s t r a i n  re l ief  f o r  t h e  wires s i n c e  t h e  wire i s  free t o  move i n  
t h e  t u n n e l s .  The  d i f f e r e n c e  o f  t h e r m a l  c o e f f i c i e n t s  between t h e  p l a n e  and 
t h e  wire t h e r e b y  c a n n o t  c a u s e  a s t r a i n  on  t h e  wire a s  t h e  t e m p e r a t u r e  o f  t h e  
u n i t  i s  v a r i e d .  
and h e a t i n g  t h e  bend w i t h  a propane-oxygen t o r c h  t o  r e l i e v e  t h e  i n t e r n a l  
s tresses.  The problems o f  h e a t  s i n k i n g  t h e  a c t i v e  p o r t i o n  o f  t h e  wire and 
T h i s  s a v e s  h a l f  o f  t h e  wire c o n n e c t i o n s  s i n c e  t h e  
T h i s  c o n f i g u r a t i o n  a l s o  forms 
The h a i r p i n  i s  made by bending  t h e  wire o v e r  a q u a r t z  mandrel  
p r e v e n t i n g  o x i d a t i o n  of  t h e  h e a t e d  p o r t i o n  were overcome,  and t h e  h a i r p i n  
l i v e d  up t o  f u l l  e x p e c t a t i o n s .  
2.3 .5 .  ELEVEN FOOT SENSE LINE 
T e s t s  per formed d u r i n g  t h e  d e s i g n  p h a s e  showed t h a t  t h e  o r i g i n a l l y  con- 
t e m p l a t e d  f u l l - t u r n  word d r i v e  l i n e  was n o t  r e a l l y  s u i t a b l e  f o r  u s e  on a 
memory w i t h  a s e n s e  l i n e  11 feet l o n g .  The f i r s t  p l a t e d  wire memory d e v e l -  
oped f o r  t h e  Goddard Space  F l i g h t  C e n t e r  used t h e s e  word d r i v e  l i n e s  b u t  had 
a s e n s e  l i n e  which was o n l y  two feet l o n g .  The work on  t h i s  p r o j e c t  showed 
t h e  b e n e f i t s  and  problems w i t h  word d r i v e  l i n e s  c o n s i s t i n g  o f  two c o m p l e t e  
t u r n s ,  one  comple te  t u r n ,  and o n e - h a l f  t u r n .  The one-ha l f  t u r n  d r i v e  l i n e  
p r o v i d e d  s u i t a b l e  t r a n s m i s s i o n  c h a r a c t e r i s t i c s  f o r  t h e  s e n s e  l i n e ,  b u t  by 
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i t s e l f  p e r m i t t e d  so  much s p r e a d i n g  of  t h e  word d r i v e  f i e l d  t o  a d j a c e n t  
b i t s  t h a t  i t  would have been n e c e s s a r y  t o  s u b s t a n t i a l l y  r e d u c e  t h e  b i t  den- 
s i t y  a l o n g  t h e  p l a t e d  wire. The development  o f  t h e  o n e - h a l f  t u r n  word l i n e  
t h e n  was c o n t i n g e n t  upon t h e  development  o f  a t e c h n i q u e  f o r  u s i n g  a m a g n e t i c  
k e e p e r  w i t h  e a c h  d r i v e  l i n e .  
d r i v e  c u r r e n t  which would o t h e r w i s e  be  r e q u i r e d ,  and p e r m i t s  t h e  h i g h e s t  b i t  
p a c k i n g  d e n s i t y  t h a t  w e  have y e t  a c h i e v e d .  The r e s u l t  h a s  been a s u b s t a n t i -  
a l l y  s i m p l i f i e d  c o n s t r u c t i o n  of  t h e  word d r i v e  l i n e s  and memory p l a n e ,  a 
h i g h  b i t  p a c k i n g  d e n s i t y ,  a r e a s o n a b l e  l e v e l  o f  d r i v e  c u r r e n t  o p e r a t i o n ,  and 
T h i s  m a g n e t i c  k e e p e r  r e d u c e s  t h e  amount o f  
a h i g h  s i g n a l  t o  n o i s e  r a t i o .  
2.3.6. BIT DENSITY 
The o v e r a l l  b i t  p a c k i n g  d e n s i t y  o f  t h e  1.5 m i l l i o n  b i t  s t a c k  t h a t  h a s  
been d e s i g n e d  i s  a p p r o x i m a t e l y  10,000 b i t s  p e r  c u b i c  i n c h .  T h i s  f i g u r e  i n -  
c l u d e s  a l l  t h e  n e c e s s a r y  c o n n e c t i o n s ,  d i o d e  a c c e s s  m a t r i x  f o r  t h e  word l i n e  
s e l e c t i o n ,  and e x t e r n a l  c a s e  work f o r  t h e  memory s t a c k .  T h i s  h a s  proved t o  
b e  one  o f  t h e  most d i f f i c u l t  p a c k a g i n g  p r o b l e m  b e c a u s e  o f  t h e  s t r i n g e n t  re- 
q u i r e i n e n t s  upon c l o s e  t o l e r a n c e  f a b r i c a t i o n  and assembly  o f  t h e  12 memory 
f r a m e s  t h a t  make up t h e  memory s t a c k .  A number o f  items had t o  be  f a b r i -  
cated w i t h  t h e  a i d  o f  s p e c i a l l y  d e s i g n e d  t o o l s ,  f i x t u r e s ,  and d i e s ,  t o  per -  
m i t  t h e  achievement  o f  t h i s  d e n s i t y .  
a p p r o x i m a t e l y  5 times h i g h e r  t h a n  t h a t  o f  former  memory d e s i g n s .  
The o v e r a l l  v o l u m e t r i c  d e n s i t y  i s  
2.3.7. TUNNEL MATERIAL 
One o f  t h e  s e v e r e  m a t e r i a l  p roblems e n c o u n t e r e d  f o r  t h e  memory 
was t h a t  o f  o b t a i n i n g  t h e  wire c a r r i e r  m a t e r i a l  t h a t  would meet t h e  
t o l e r a n c e s  n e c e s s a r y  f o r  mount ing  t h e  wires on 15 m i l  c e n t e r s .  Not 
must t h e r e  be a l i g n m e n t  between t h e  t u n n e l  m a t e r i a l  and  t h e  p a d s  t o  
t h e  wires a re  s o l d e r e d ,  b u t  t h e r e  must  be  p l a n e  t o  p l a n e  a l i g n m e n t .  
s t a c k  
t i g h t  
o n l y  
which 
The 
s o l u t i o n  was o b t a i n e d  o n l y  by d e v e l o p i n g  o u r  own i n - h o u s e  c a p a b i l i t i e s .  
The  t u n n e l  m a t e r i a l  i s  f a b r i c a t e d  by p r e s s i n g  s h e e t s  o f  t e f l o n  and H - f i l m  
on  monel form wires which h a v e  been wrapped on  a loom w i t h  t h e  p r e s c r i b e d  
t o l e r a n c e s .  The  t e f l o n  f l o w s  around t h e  form wires d u r i n g  t h e  p r e s s i n g ,  
and  t h e  form wires a r e  t h e n  extracted l e a v i n g  t h e  8 m i l  t u n n e l s .  
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2.3.8. MATERIAL SELECTION AND TEST 
A number o f  m a t e r i a l s  used i n  t h e  f a b r i c a t i o n  o f  t h e  memory p l a n e  had 
t o  b e  c a r e f u l l y  s e l e c t e d  and t e s t e d  t o  b e  a b l e  t o  meet t h e  r e q u i r e m e n t  o f  
150OC s t o r a g e  f o r  48 h o u r s .  
a f t e r  a s i g n i f i c a n t  e f f o r t  was expended i n  t h e i r  s e l e c t i o n  and s u b s e q u e n t  
t e s t i n g .  I t  was found d u r i n g  t h i s  i n v e s t i g a t i o n  t h a t  some m a t e r i a l s  nor -  
m a l l y  c o n s i d e r e d  s u i t a b l e  f o r  15OoC o p e r a t i o n  proved  t o  b e  u n s u i t a b l e  when 
used  i n  t h e  t h i n  s e c t i o n s  r e q u i r e d  by memory p l a n e  d e s i g n .  
t e s t s  and e v a l u a t i o n s  were per formed which  showed t h a t  aluminum c o u l d  be 
s u b s t i t u t e d  by coppe r  i n  t h e  c o n s t r u c t i o n  o f  t h e  memory p l a n e s .  
e s p e c i a l l y  s i g n i f i c a n t  i n  t h i s  d e s i g n  s i n c e  i t  r e p r e s e n t s  a s a v i n g  o f  approx-  
F o r t u n a t e l y ,  s u i t a b l e  m a t e r i a l s  were found 
A number o f  
T h i s  was 
! i m a t e l y  2 pounds i n  t h e  1.5 m i l l i o n  b i t  s t a c k ,  and t h e  f i n a l  s t a c k  weighs  
o n l y  9 pounds.  
\ 
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A mechan ica l  i n s t a b i l i t y  when t h e  sys t em was t e m p e r a t u r e  c y c l e d  caused  
a v a r y i n g  a l i g n m e n t  ke tween t h e  t u n n e l s  which c o n t a i n  t h e  p l a t e d  wires and 
t h e  t r a n s i t i o n  b a r s  t o  which  t h e  p l a t e d  wires a r e  s o l d e r e d .  T h i s  r e s u l t e d  
i n  t h e  h i g h e r  m a g n e t o s t r i c t i v e  wires a f f e c t i n g  t h e  sys t em o p e r a t i o n .  
i n s t a b i l i t y  i s  d u e  t o  d i f f e r e n t  t h e r m a l  c o e f f i c i e n t s  o f  e x p a n s i o n  o f  t h e  
materials which  d e t e r m i n e  t h e  a l i g n m e n t  between t h e  t u n n e l  m a t e r i a l  and  t h e  
t r a n s i t i o n  b a r s .  
b a r  i s  n o t  r i g i d l y  a t t a c h e d  t o  t h e  ground s t ructure  such  t h a t  t h e  t r a n s i t i o n  
b a r  c a n  be a t  d i f f e r e n t  p o s i t i o n s  a t  t h e  same t e m p e r a t u r e  a f t e r  t e m p e r a t u r e  
c y c l i n g .  
p e r i o d  o f  s y s t e m  tes t  t h a n  would no rma l ly  b e  r e q u i r e d .  
The 
The  problem i s  f u r t h e r  a g g r a v a t e d  b e c a u s e  t h e  t r a n s i t i o n  
T h i s  r e s u l t e d  i n  poor r e p e a t a b i l i t y  o f  e r r o r  d a t a  and a l o n g e r  
The problem was s o l v e d  i n  t h i s  memory sys t em by r e p l a c i n g  t h e  wires 
which  f a i l e d  d u r i n g  many t e m p e r a t u r e  c y c l e s  o f  t h e  sys tem.  
w i l l  e l i m i n a t e  t h e  problem by h a v i n g  matched t e m p e r a t u r e  c o e f f i c i e n t s  be- 
tween t h e  t r a n s i t i o n  b a r s  and t h e  memory frames and by h a v i n g  t h e  t r a n s i t i o n  
b a r s  s e c u r e l y  a t t a c h e d  t o  the memory f r ames .  
F u t u r e  d e s i g n s  
2.3.10. MEMORY STACK EDGE PROBLEMS 
Some problems a f f e c t i n g  t h e  o p e r a t i o n  o f  t h e  p l a t e d  wires n e a r  t h e  e d g e s  








m i l l i o n  b i t s .  A word f i e l d  nonun i fo rmi ty  ex i s t s  n e a r  t h e  l a s t  few word 
l ines  i n  s m a l l  s e c t i o n s  o f  a few o f  t h e  p l a n e s .  
s o l v e d  i n  f u t u r e  d e s i g n s  w i t h o u t  l o s s  o f  b i t  d e n s i t y  by more c a r e f u l  f a b r i -  
c a t i o n  p r o c e d u r e s  t o  m a i n t a i n  d i m e n s i o n a l  u n i f o r m i t y  and by h a v i n g  dummy 
word l i n e s  a t  t h e  edge  o f  t h e  p l a n e s .  
edge  o f  t h e  p l a n e s  was an  i n t e r a c t i o n  i n  some p l a n e s  between t h e  word c u r r e n t  
and t h e  o p e r a t i o n  of t h e  p l a t e d  wires. 
word current f l o w i n g  p a r a l l e l  t o  t h e  p l a t e d  wires i n  t h e  bus s t ructures  
which c o n n e c t s  t h e  s e l e c t e d  Acswitch t o  t h e  s e l e c t e d  B-switch. An a n a l y s i s  
o f  t h i s  problem i s  r e q u i r e d ,  b u t  i t  a p p e a r s  t h a t  i t  can  be e l i m i n a t e d  w i t h -  
o u t  l o s s  o f  b i t  d e n s i t y  s i n c e  i t  d i d  n o t  exis t  i n  a l l  p l a n e s .  
T h i s  problem would be re- 
A second problem a t  t h e  B-switch 
T h i s  i n t e r a c t i o n  i s  caused  by t h e  
2 .3 .11 .  SYSTEM DESIGN 
A s i g n i f i c a n t  amount o f  e f f o r t  was made t o  o b t a i n  a n  optimum sys tem 
d e s i g n .  The i m p o r t a n t  p a r a m e t e r s  t h a t  were o p t i m i z e d  a r e :  
1. Low power consumpt ion;  s t a n d b y  power b e i n g  somewhat more i m p o r t a n t  
t h a n  o p e r a t i n g  power. 
2 .  Minimum number o f  c i r c u i t s  c o n s i s t e n t  w i t h  r e l i a b l e  o p e r a t i o n .  
3. Minimum number o f  i n t e r n a l  c o n n e c t i o n s  w i t h i n  t h e  1.5 m i l l i o n  b i t  
memory s t a c k .  T h e r e  a r e  60 b i t s  p e r  c o n n e c t i o n  when a l l  connec- 
t i o n s  a r e  counted  i n c l u d i n g  t h e  d i o d e  word s e l e c t i o n  m a t r i x ,  t h e  
b i t - s e n s e  low l e v e l  s w i t c h  matrix, t h e  s e n s e  a m p l i f i e r  i n p u t  c a b l e s ,  
t h e  word s e l e c t i o n  A s w i t c h e s  and B s w i t c h e s  and t h e  c a b l e s  t o  t h e  
c i r c u i t s  o u t s i d e  o f  t h e  s t a c k .  
s t a n t i a l l y  improved i f  i t  had no t  been n e c e s s a r y  t o  u s e  t h e  6 i n c h  
by 4 i n c h  by 13 i n c h  box f o r  t h e  memory. 
T h i s  f i g u r e  c o u l d  have  been sub- 
2.3.12. CIRCUIT DESIGN 
S e v e r a l  c i r c u i t  d e s i g n s  v e r y  s i m i l a r  t o  what had been p r e v i o u s l y  de- 
s i g n e d  had t o  be improved s i g n i f i c a n t l y  f o r  t h i s  1.5 m i l l i o n  b i t  memory de- 
s i g n .  
t o  i n c r e a s i n g  t h e  speed  by a f a c t o r  of  5 o v e r  t h e  p r e v i o u s  d e s i g n s ,  i t  was 
a l s o  n e c e s s a r y  t o  r e d u c e  t h e s e  d e s i g n s  t o  a h y b r i d  t h i n  f i l m  c i r c u i t  o r  hy- 
b r i d  cermet form. 
t r a c t  t o  show c o n c l u s i v e l y  t h a t  t h e  memory d e s i g n  c o u l d  be packaged t o  f i t  
i n t o  a 6 i n c h  by 8 i n c h  by 13 i n c h  volume. To b e  a b l e  t o  package  t h e  e n t i r e  
memory i n t o  t h i s  volume r e q u i r e s  t h a t  a m i n i a t u r e  form o f  c i r c u i t r y  be used .  
The h y b r i d  form was chosen  because  ' i t  p e r m i t t e d  t h e  n e c e s s a r y  c i r c u i t  pack ing  
I n  a d d i t i o n  t o  t h e  c i r c u i t  improvements,  which were p r i m a r i l y  r e l a t e d  
T h i s  was n e c e s s a r y  s i n c e  i t  was a r e q u i r e m e n t  o f  t h e  con- 
10 
d e n s i t y  and o p e r a t e d  a t  l ower  power t h a n  comparable  m o n o l i t h i c  in tegra ted  
c i r c u i t s  would have  r e q u i r e d .  
To summarize,  a memory sys tem h a s  been des igned  w i t h  a s t o r a g e  c a p a c i t y  
o f  1.5 m i l l i o n  b i t s ,  a n  o p e r a t i n g  speed  o f  500,000 b i t s  p e r  s econd ,  and  a 
power consumpt ion  o f  1.5 w a t t s .  T h i s  r e p r e s e n t s  a speed  i n c r e a s e  o f  5 t o  
1 and a c a p a c i t y  i n c r e a s e  o f  28 when compared t o  t h e  p r e v i o u s  memory d e s i g n .  
The t o t a l  power consumpt ion  h a s  i n c r e a s e d  a p p r o x i m a t e l y  3 t o  I. I n  a d d i t i o n  
t o  t h e  pe r fo rmance  and  s t o r a g e  c a p a c i t y  a d v a n t a g e s ,  t h e  o v e r a l l  p a c k i n g  den- 
s i t y  i n c l u d i n g  a l l  c i r c u i t s  f o r  t h e  comple t e  sys t em and e x t e r n a l  c a s e  has 
reached a p p r o x i m a t e l y  5000 b i t s / c u b i c  i n c h .  
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3.1 THEORY OF OPERATION 
The memory element consists of a wire substrate which is made of beryl- 
lium-copper drawn to a 0,005-inch diameter and which is electroplated with 
a magnetic thin film. The magnetic film is the same 81 percent nickel, 19 
percent iron alloy widely used in planar thin-film memory elements. 
coating is continuous and is plated in the presence of a circumferential mag- 
netic field that establishes a magnetic anisotropy axis, or preferred mag- 
netization direction, circumferentially around the wire. Figure 1 is a 
The 
simplified diagram of the plating apparatus and the electrical test that 
provides immediate control of the process. 
troplated on a continuously moving wire in room environment. 
ously moving wire is electrically tested with a complete operating memory 
pulse program. 
The magnetic material is elec- 
The continu- 
Information is stored according to the sense of the circumferential 
magnetization in the portion of the plated wire encircled by the word strap: 
clockwise magnetization represents a stored 1; counterclockwise magnetiza- 
tion represents a stored 0 .  
and the word drive line which forms a one-turn solenoid. To read the stored 
information, a word current is applied to the word strap which encircles the 
plated wire at right angles. 
the axis of the wire. 
its circumferential rest position towards the axis of the wire. The result- 
ing flux change causes a voltage change (sensed at the ends of the plated 
wire) of one polarity for a stored 1, and of the opposite polarity for a 
stored 0. Figure 3 shows a qualitative vector diagram of the magnetiza- 
tion vector position. The amplitude of the word current is controlled so 
Figure 2 shows a sketch of the plated wire 
The word current produces a word field along 
This word field tilts the magnetization vector from 
12 
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Figure 3. Simplified Diagram of Read and Write Cycles 
13 
t h a t  when t h e  c u r r e n t  i s  t u r n e d  o f f  t h e  m a g n e t i z a t i o n  v e c t o r  r e t u r n s  t o  i t s  
o r i g i a n l  res t  p o s i t i o n  under  t h e  i n f l u e n c e  o f  t h e  a n i s o t r o p y  and demagnet- 
i z i n g  f i e l d s ;  t h u s ,  t h e  r e a d o u t  i s  n o n d e s t r u c t i v e .  
I n f o r m a t i o n  i s  w r i t t e n  i n t o  t h e  wire by t h e  time c o i n c i d e n c e  o f  t h e  
word c u r r e n t  and a s t e e r i n g  b i t  c u r r e n t  t h r o u g h  t h e  p l a t e d  wire. When t h e  
b i t  c u r r e n t  f l o w s  i n  o n e  d i r e c t i o n ,  t h e  m a g n e t i z a t i o n  v e c t o r  i s  so s t e e r e d  
f 
! g 
t h a t  when t h e  b i t  and word c u r r e n t  end  t h e  v e c t o r  i s  i n  t h e  1 rest  p o s i t i o n ;  
when t h e  b i t  c u r r e n t  f l o w s  i n  t h e  o t h e r  d i r e c t i o n ,  t h e  m a g n e t i z a t i o n  v e c t o r  
i s  l e f t  i n  t h e  0 p o s i t i o n .  
O p e r a t i n g  p a r a m e t e r s  o f  t h e  p l a t e d  wire i n  t h e  M i n i a t u r e  Spaceborne  
Memory a r e  a s  f o l l o w s :  
Word-strap w i d t h :  33 mils ,  1/2 t u r n ,  
Word c u r r e n t :  9 4 0  !n i 1 1 i amp e r e s w r  i t i n g 
900 m i l l i a m p e r e s  r e a d i n g  
B i t  c u r r e n t :  36 m i l l i a m p e r e s  
Out p u t  F1 ux: 130 m i l l i v o l t - n a n o s e c o n d s  w o r s t -  
c a s e  w i t h  o f f - n o m i n a l  c u r r e n t s  
The r e a d  word c u r r e n t  i s  lower  t h a n  t h e  write word c u r r e n t  t o  g i v e  more 
s t a b l e  NDKO o p e r a t i o n .  
The m a g n e t i c  p l a t i n g  i s  c o n t i n u o u s  and i f  more t h a n  20 t o  25 b i t s  p e r  
i n c h  a l o n g  t h e  wire a r e  used t h e r e  i s  a t e n d e n c y  f o r  them t o  i n t e r f e r e  w i t h  
e a c h  o t h e r .  T h i s  i n t e r f e r e n c e  i s  r e v e r s i b l e .  If 0 i s  w r i t t e n  m i l l i o n s  o f  
times on e a c h  s i d e  o f  a 1 w i t h  t h e  program shown i n  F i g u r e  3 t h e  s i g n a l  
r e a d  from t h e  1 w i l l  be  d i m i n i s h e d .  I f  1 i s  w r i t t e n  on e a c h  s i d e  o f  t h e  
c e n t e r  t es t  b i t ,  t h e  s i g n a l  r e a d  from t h e  t e s t  b i t  w i l l  b e  i n c r e a s e d .  T h i s  
e f fec t  i s  n e a r l y  e l i m i n a t e d  by t h e  u s e  o f  t h e  p h a s e  modula ted  w r i t i n g  t e c h -  
n i q u e  . T h i s  method o f  w r i t i n g  d e p e n d s  upon t h e  r e v e r s i b i l i t y  o f  t h e  a d j a -  
c e n t - b i t  i n t e r f e r e n c e .  I t  e l i m i n a t e s  t h i s  i n t e r f e r e n c e  by a l w a y s  w r i t i n g  
a n  e q u a l  number o f  1 ' s  and 0 ' s  i n d e p e n d e n t  o f  t h e  s t o r e d  i n f o r m a t i o n .  I t  
a l s o  e l i m i n a t e s  any  m a g n e t i c  h i s t o r y  e f fec t .  Most m a g n e t i c  s t o r a g e  e l e m e n t s  
e x h i b i t  a s e n s i t i v i t y  t o  t h e  p o l a r i t y  o f  t h e  i n f o r m a t i o n  s t o r e d  i n  t h e  pre-  
c e d i n g  write o p e r a t i o n s .  
l o c a t i o n  e x p e r i e n c e s  e q u a l  numbers o f  1 ' s  and 0 ' s  i n  t h e  p r e c e d i n g  write 
o p e r a t i o n s .  T h i s  i s  accompl ished  d u r i n g  a write o p e r a t i o n  by f i r s t  w r i t i n g  
t h e  o p p o s i t e  i n f o r m a t i o n  and t h e n  t h e  d e s i r e d  i n f o r m a t i o n  t o  be w r i t t e n .  
P h a s e  modula ted  w r i t i n g  means t h a t  e v e r y  s t o r a g e  
1 4  
E 
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3 . 2 .  TEST PHOCEDURE ------ - - 
O n e  o f  t h e  s i g n i f i c a n t  deve lopmen t s  d u r i n g  t h e  c o n t r a c t  was e s t a b l i s h -  
i n g  a t e s t  p r o c e d u r e  f o r  t h e  p l a t e d  wires which would a s s u r e  h i g h  y i e l d s  i n  
t h e  s t a c k .  
d e t a i l s  o f  t h e  f i n a l  p r o c e d u r e  a r e  g i v e n  h e r e .  Al though t h e  wires are  con- 
t i n ' u o u s l y  t e s t e d  w i t h  a comple t e  memory program a s  t h e y  a r e  made, t h e  manu- 
f a c t u r i n g  t e s t i n g  i s  o n l y  per formed t o  g u a r a n t e e  room t e m p e r a t u r e  o p e r a t i o n .  
A d d i t i o n a l  t e s t i n g  i s  t h e r e f o r e  r e q u i r e d  t o  a s s u r e  a h i g h  y i e l d  i n  t h e  
A h i s t o r y  o f  t h i s  deve lopment  i s  g i v e n  i n  Heading 2.3.1. The  
s t a c k  t h r o u g h  t h e  t e m p e r a t u r e  r a n g e .  
a t e s t i n g  program which would g u a r a n t e e  a 100% y i e l d  i n  t h e  s t a c k  s i n c e  
t h i s  would c o s t  more t h a n  t h e  r e p l a c e m e n t  o f  a s m a l l  p e r c e n t a g e  o f  t h e  wires 
a f t e r  t h e i r  i n s t a l l a t i o n .  
It  h a s  n o t  been a t t e m p t e d  t o  set up 
The a d d i t i o n a l  t e s t ing  o f  t h e  wires was done  i n  a p l a n e  i d e n t i c a l  t o  
t h e  memory p l a n e s  u s i n g  mercury cup c o n t a c t s .  
t e s t e d  on a one  o u t  o f  twen ty  b a t c h  sampl ing  b a s i s ,  w i t h  a minimum sample  
of  f i v e  wires. I f  more t h a n  one  b i t  f a i l e d  d u r i n g  t h e  t e s t i n g ,  t h e  b a t c h  
was r e j e c t e d .  The sample  wires were t e s t e d  f o r  a l l  w o r s t  c a s e  p a t t e r n s  a t  
f o u r  s e t t i n g s  o f  word and b i t  c u r r e n t s .  The t e s t  p o i n t s ,  t o g e t h e r  w i t h  a 
p l o t  o f  t h e  memory o p e r a t i n g  a r e a ,  i s  shown i n  F i g u r e  4.  The f o l l o w i n g  
breakdown summarizes the tes t  c o n d i t i o n s :  
The b a t c h e s  o f  wires were 
, I 
T e s t  I B ( M A )  I W ( M A )  F l u x  (MV-NS) 
1 35 (590 60 
2 (22 8 2 5  60 
3 >50 '7 90 60 
4 35 850 >140 
The t e s t  c o n d i t i o n s  were a r r i v e d  a t  by c o r r e l a t i n g  wire c h a r a c t e r i s t i c s  
w i t h  o p e r a t i n g  resu l t s  i n  t h e  memory. T e s t s  1 and 2 g u a r a n t e e  a low t h r e s -  
h o l d  t o  write c h a r a c t e r i s t i c .  
h o l d  such  t h a t  t h e  m a g n e t i z a t i o n  i s  n o t  changed by b i t  current a l o n e .  T e s t  
4 g u a r a n t e e s  a h i g h  NDRO c h a r a c t e r i s t i c  s u c h  t h a t  t h e  m a g n e t i z a t i o n  i s  n o t  
changed by word c u r r e n t  a l o n e .  
T e s t  3 g u a r a n t e e s  a h i g h  b i t  d i s t u r b  t h r e s -  
I n  T e s t  1 ,  Iw i s  measu red ;  i n  T e s t s  2 and 3 I i s  measu red ;  i n  T e s t  B 
4 t h e  f l u x  o u t p u t  i s  measured .  These  measurements a r e  per formed bo th  b e f o r e  
and a f t e r  t h e  wires a r e  s u b j e c t e d  t o  a 5 o e r s t e d  h a r d  f i e l d  f o r  1 hour  a t  
15 
125OC. 
h i g h  t e m p e r a t u r e  o p e r a t i o n .  
T h i s  i s  done  t o  re ject  b a t c h s  which w i l l  d e v e l o p  bad s p o t s  d u r i n g  
The sample t e s t i n g  i s  d o n e  o n l y  a t  room t e m p e r a t u r e .  The t e s t s  t h a t  
a re  per formed,  however,  g u a r a n t e e  t h a t  t h e  wires w i l l  o p e r a t e  i n  t h e  s t a c k  
t h r o u g h  t h e  t e m p e r a t u r e  r a n g e .  F i r s t ,  t h e  wires a r e  t e s t e d  t o  w i d e r  m a r g i n s  
t h a n  a r e  r e q u i r e d  t o  a l l o w  f o r  d e g r a d a t i o n  o f  per formance  when t h e y  a r e  s o l -  
d e r e d  down. T h i s  i s  n e c e s s a r y  s i n c e  t h e  wires w i l l  b e  somewhat s t r e s s e d  
when t h e y  a r e  s o l d e r e d .  Secondly ,  i t  was found t h a t  t h e  wires which d i d  n o t  
o p e r a t e  t h r o u g h  t h e  t e m p e r a t u r e  r a n g e  ( - 5 O C  t o  6OoC) i n  t h e  sys tem d i d  n o t  
o p e r a t e  a t  low b i t  c u r r e n t s  a t  room t e m p e r a t u r e .  
t h e s e  wires were s t r e s s e d  when p l a t e d  and t h e  s t ress  was i n c r e a s e d  a t  e i t h e r  
t h e  low o r  h i g h  t e m p e r a t u r e  b e c a u s e  o f  t h e  d i f f e r e n c e  i n  t h e r m a l  c o e f f i c i e n t s  
o f  e x p a n s i o n  between t h e  f i l m  and t h e  s u b s t r a t e  such  t h a t  t h e  wires d i d  n o t  
o p e r a t e  w i t h  a d e q u a t e  m a r g i n s  t h r o u g h  t h e  t e m p e r a t u r e  r a n g e .  
which o p e r a t e d  below 22 m i l l i a m p e r e s  a t  room t e m p e r a t u r e ,  however ,  o p e r a t e d  
w i t h o u t  d i f f i c u l t y  t h r o u g h  t h e  t e m p e r a t u r e  r a n g e .  
A p p a r e n t l y  t h e  films o f  
The wires 
3.3 TEST RESULTS 
The u s e  o f  t h e  t e s t  p r o c e d u r e  o u t l i n e d  i n  Heading 3.2 gave  v e r y  good 
r e s u l t s  i n  t h e  memory s t a c k .  Well o v e r  95% o f  t h e  wires i n s t a l l e d  which 
p a s s e d  t h e  t e s t  p r o c e d u r e  o p e r a t e d  s a t i s f a c t o r i l y .  The  shmoo shown i n  F ig-  
u r e  4 i s  t h e  o p e r a t i n g  shmoo o f  t h e  memory s t a c k  a t  room t e m p e r a t u r e .  
o p e r a t i n g  word c u r r e n t s  i n  F i g u r e  4 a r e  30% lower t h a n  t h o s e  i n  F i g u r e  21 
b e c a u s e  t h e  wires i n  t h e  memory a r e  o n  15 m i l  c e n t e r s  and o p e r a t e  a t  30% 
h i g h e r  word c u r r e n t  t h a n  i n  t h e  t e s t  p l a n e .  
The 
A l t h r o u g h  t h e  s y s t e m  was completed t o  o p e r a t e  o n l y  between 2506 and 6OoC, 
a n  i n v e s t i g a t i o n  i n d i c a t e d  t h a t  r e p l a c i n g  t h e  wires which d i d  n o t  o p e r a t e  
a t  t h e  low t e m p e r a t u r e  would a l l o w  o p e r a t i o n  o v e r  t h e  f u l l  t e m p e r a t u r e  r a n g e .  
I t  s h o u l d  b e  emphasized t h a t  t h e  wires g e n e r a l l y  o p e r a t e d  a s  well i n  t h e  
memory a s  i n  t h e  wire t e s t .  The t e s t i n g  o f  t h e  wires was d o n e  t o  g u a r a n t e e  
a h i g h  y i e l d  o f  i n s t a l l e d  wires, whereas  t h e  t e s t i n g  o f  t h e  sys tem was done  
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SECTION 4 
MEMORY SYSTEM ORGANIZATION 
" I  i 
4.1. INPUT-OUTPUT SPECIFICATIONS 
The i n p u t  s i g n a l s ,  a s  s p e c i f i e d  i n  t h e  c o n t r a c t  s c h e d u l e ,  have  l e v e l s  
o f  Ok0.5 v o l t  and p l u s  (+) 2 . 5  k0.5 v o l t s ,  have  s o u r c e  impedances u p  t o  
5000 ohms, and have  maximum r i s e  and f a l l  times o f  0.5 mic roseconds .  The 
memory i s  c o n t r o l l e d  by t h r e e  i n p u t  s i g n a l s ,  whose f u n c t i o n s  and i n d i v i d u a l  
r e q u i r e m e n t s  a r e  a s  f o l l o w s :  
1. I n p u t  C lock  
The c o n t r o l l i n g  c l o c k  f o r  t h e  memory, a s  s p e c i f i e d  i n  t h e  c o n t r a c t  
s c h e d u l e ,  i s  t h e  n e g a t i v e  g o i n g  edge  o f  a s q u a r e  wave. The memory 
accepts p e r i o d i c  o r  n o n - p e r i o d i c  c l o c k  s i g n a l s  a t  any r a t e  up  t o  
500 KC. Dur ing  a r e a d  o p e r a t i o n ,  o n e  b i t  o f  i n f o r m a t i o n  i s  t r a n s -  
f e r r e d  t o  t h e  Ou tpu t  Data  l i n e  ( S i g n a l  4 )  when  t h e  n e g a t i v e  g o i n g  
e d g e  o f  the  i n p u t  c l o c k  o c c u r s .  
b i t  o f  i n f o r m a t i o n  i s  t r a n s f e r r e d  t o  t h e  memory from t h e  I n p u t  
Data  l i n e  ( S i g n a l  3 )  when t h e  n e g a t i v e  g o i n g  edge  o f  t h e  i n p u t  c l o c k  
o c c u r s .  I t  i s  n o t  n e c e s s a r y  t h a t  t h e  i n p u t  c l o c k  be a s q u a r e  wave. 
The  memory w i l l  o p e r a t e  w i t h  a 1.0 ps  n e g a t i v e  i n p u t  p u l s e .  
Dur ing  t h e  write o p e r a t i o n ,  one  
2 .  Read-Write Command 
T h i s  s i g n a l  d e t e r m i n e s  whe the r  i n f o r m a t i o n  i s  b e i n g  t r a n s f e r r e d  
i n t o  o r  o u t  o f  t h e  memory. 
( + 2 . 5  V), and the write command i s  t h e  low l e v e l .  When the s igna l  
changes  from t h e  r e a d  command t o  t h e  write command ( n e g a t i v e  g o i n g ) ,  
t h e  memory i s  r e a d y  t o  a c c e p t  t h e  f i r s t  b i t  o f  i n f o r m a t i o n .  
t h e  s i g n a l  changes  from the write command t o  t h e  r e a d  command, t h e r e  
i s  a maximum d e l a y  o f  120  m i c r o s e c o n d s ,  d u r i n g  which time no o u t p u t  
d a t a  i s  a v a i l a b l e .  The p r e s e n c e  o f  t h e  f i r s t  b i t  o f  i n f o r m a t i o n  
on  t h e  O u t p u t  Data  l i n e  ( S i g n a l  4 )  i s  g i v e n  by t h e  O u t p u t  Clock  
( S i g n a l  5 )  which i s  d e v e l o p e d  from t h e  I n p u t  C lock .  
Clock  w i l l  o c c u r  d u r i n g  t h e  d e l a y  time i f  I n p u t  C locks  a r e  a p p l i e d .  
The r e a d  command i s  t h e  h i g h  l e v e l  
When 
No Outpu t  
The change  o f  s t a t e  o f  the Read-Write command i s  used t o  c lear  t h e  
memory c o u n t e r s .  I f  d u r i n g  a r e a d  o p e r a t i o n  i t  i s  d e c i d e d  o 
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microsecond i n  w i d t h  w i l l  c l e a r  t h e  memory t o  i t s  i n i t i a l  c o n d i -  
t i o n ,  and t h e  f i r s t  b i t  w i l l  be  a v a i l a b l e  a f t e r  t h e  120  microsecond 
d e l a y  p e r i o d .  If  a write o p e r a t i o n  i s  t o  be i n t e r r u p t e d ,  a p o s i -  
t i v e  p u l s e  g r e a t e r  t h a n  1 2 0  mic roseconds  w i l l  c l e a r  t h e  memory, 
and t h e  memory w i l l  a c c e p t  t h e  f i r s t  b i t  o f  i n f o r m a t i o n  a f t e r  t h e  
p u l s e  goes  low. After power t o  t h e  memory h a s  been t u r n e d  o n ,  t h e  
Read-Write Command m u s t  be used t o  c l e a r  t h e  memory. 
3 .  I n p u t  Data  
T h i s  s i g n a l  i s  used d u r i n g  a write o p e r a t i o n  t o  d e t e r m i n e  whe the r  
a "1" o r  a "0" i s  t o  be w r i t t e n  i n t o  t h e  memory. A "1" i s  r e p r e -  
s e n t e d  by t h e  h i g h  l e v e l  (+2.5 v o l t s )  and t h e  "0" by t h e  low l e v e l .  
The o u t p u t  s i g n a l s  have  l e v e l s  p l u s  (t> 2 . 8  20.2 v o l t s  and 0 . 2  k0.2 
v o l t s  and have  maximum r ise  and f a l l  times o f  20 nanoseconds  w i t h  
a 100 p i c o f a r a d  l o a d .  The o u t p u t s  w i l l  s u p p l y  1 . 2  m i l l i a m p e r e s  
i n  t h e  h i g h  s t a t e  and can  draw 1 . 2  m i l l i a m p e r e s  i n  t h e  low s t a t e .  
T h e r e  a r e  f o u r  o u t p u t  s i g n a l s ,  whose f u n c t i o n s  and i n d i v i d u a l  
c h a r a c t e r i s t i c s  a r e  a s  f o l l o w s :  
4 .  Outpu t  Clock  
T h i s  i s  t h e  r e a d o u t  c l o c k  p u l s e  whose n e g a t i v e  g o i n g  edge  i s  re- 
q u i r e d  t o  b e  c o i n c i d e n t  w i t h  t h e  l e a d i n g  edge  o f  each  b i t  o f  o u t p u t  
i n f o r m a t i o n .  The wid th  o f  t h i s  n e g a t i v e  p u l s e  i s  1.0 mic rosecond .  
The n e g a t i v e  edge  o f  t h e  o u t p u t  c l o c k  o c c u r s  w i t h i n  100 nanoseconds  
a f t e r  t h e  s t a r t  o f  t h e  change  o f  Ou tpu t  D a t a .  
5. Ou tpu t  Data  
The r e a d o u t  d a t a  i s  s e r i a l  NRZ b i t s  a s  r e q u i r e d .  The  o u t p u t  d a t a  
s w i t c h e s  w i t h i n  550 nanoseconds  a f t e r  t h e  s t a r t  o f  t h e  n e g a t i v e  
g o i n g  e d g e  o f  t h e  I n p u t  Clock .  
6. End o f  Write 
T h i s  s i g n a l  i n d i c a t e s  t h a t  a l l  l o c a t i o n s  i n  t h e  memory have  been 
w r i t t e n .  The s i g n a l  i s  a n e g a t i v e  10 microsecond p u l s e .  The 
l e a d i n g  e d g e  o f  t h e  s i g n a l  o c c u r s  w i t h i n  1.6 mic roseconds  a f t e r  
t h e  s t a r t  o f  t h e  n e g a t i v e  g o i n g  edge  o f  t h e  I n p u t  Clock  t h a t  t r a n s -  
fers  t h e  l a s t  b i t  t o  t h e  memory. 
7. End o f  Read 
T h i s  s i g n a l  i n d i c a t e s  t h a t  t h e  l a s t  b i t  i n  t h e  memory h a s  been 
r e a d .  The s i g n a l  i s  a n e g a t i v e  10 microsecond p u l s e .  The l e a d i n g  
e d g e  o f  t h e  s i g n a l  o c c u r s  w i t h i n  0.85 mic roseconds  a f t e r  t h e  s t a r t  
o f  t h e  n e g a t i v e  g o i n g  edge  o f  t h e  I n p u t  C lock  t h a t  t r a n s f e r s  t h e  
l a s t  b i t  t o  t h e  Ou tpu t  Data L i n e .  
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T h e r e  a r e  s e v e r a l  r e s t r i c t i o n s  on t h e  time r e l a t i o n s h i p  o f  t h e  
i n p u t  s i g n a l s .  These  a r e  a s  f o l l o w s :  
1. The s t a r t  o f  t h e  write command must p r e c e d e  by 900 nanoseconds  
t h e  s t a r t  o f  t h e  n e g a t i v e  g o i n g  edge  o f  t h e  I n p u t  Clock which 
w i l l  t r a n s f e r  t h e  f i r s t  b i t  t o  t h e  memory. 
2.  The s t a r t  o f  t h e  write command canno t  o c c u r  u n t i l  1.3 micro-  
s econds  a f t e r  t h e  s t a r t  o f  t h e  n e g a t i v e  g o i n g  edge  o f  t h e  
I n p u t  C lock  which t r a n s f e r s  t h e  l a s t  b i t  o u t  o f  t h e  memory. If  
t h e  r e a d  o p e r a t i o n  i s  i n t e r r u p t e d  b e f o r e  t h e  e n t i r e  memory 
i s  r e a d ,  t h e  s t a r t  o f  t h e  write command canno t  o c c u r  u n t i l  7.0 
mic roseconds  a f t e r  t h e  s t a r t  o f  t h e  l a s t  I n p u t  C lock .  
3. The s t a r t  o f  t h e  r e a d  command m u s t  p r e c e d e  by 400 nanoseconds  
t h e  s t a r t  o f  t h e  n e g a t i v e  g o i n g  edge  o f  a n  I n p u t  Clock .  
4.  The s t a r t  o f  t h e  r e a d  command canno t  o c c u r  u n t i l  3 . 2 5  micro-  
s econds  a f t e r  t h e  s t a r t  o f  t h e  n e g a t i v e  g o i n g  edge  o f  t h e  l a s t  
I n p u t  C lock  i n  t h e  write o p e r a t i o n .  
5. The s t a r t  o f  t h e  change  o f  I n p u t  Data m u s t  p r e c e d e  by 400 nano- 
seconds  t h e  s t a r t  o f  t h e  n e g a t i v e  g o i n g  e d g e  o f  t h e  I n p u t  Clock 
which w i l l  t r a n s f e r  t h e  b i t  o f  t h e  memory. 
6 .  The I n p u t  Data b e i n g  t r a n s f e r r e d  t o  t h e  memory by a n  I n p u t  Clock  
c a n n o t  s t a r t  t o  change  u n t i l  500 nanoseconds  a f t e r  t h e  s t a r t  
o f  t h e  n e g a t i v e  g o i n g  edge  o f  t h a t  I n p u t  Clock .  
I t  s h o u l d  b e  no ted  t h a t  b e f o r e  t h e  s e r i a l  i n p u t  d a t a  i s  s t o r e d  i n  t h e  
memory, i t  i s  c o n v e r t e d  t o  36 p a r a l l e l  b i t s .  The t r a n s f e r  o f  t h e  36 b i t s  
t o  t h e  memory s t a c k  o c c u r s  a f t e r  t h e  t h i r t y - s i x t h  c l o c k  p u l s e  ( o r  a n  i n t e -  
g r a l  number t h e r e o f ) .  T h e r e f o r e ,  i f  t h e  wri te  o p e r a t i o n  i s  s t o p p e d  b e f o r e  
t h e  memory i s  f i l l e d ,  a s  many a s  35 o f  t h e  l a s t  b i t s  c o u l d  b e  l o s t  u n l e s s  
a series of  f a l s e  I n p u t  C locks  a r e  a p p l i e d  b e f o r e  t h e  Read-Write Command 
changes .  
4 .2 .  BLOCK DIAGiiAM AND TIMING , 
The b l o c k  d i ag ram o f  t h e  memory i s  shown i n  F i g u r e  5. The d e t a i l e d  
l o g i c s  a re  g i v e n  i n  Appendix I. 
a r e  g i v e n  i n  Heading 4.1. 
d e s c r i b i n g  how i n f o r m a t i o n  i s  w r i t t e n  i n t o  and r e a d  o u t  o f  t h e  sys tem.  
The f u n c t i o n s  o f  t h e  Inpu t -Ou tpu t  s i g n a l s  
The o p e r a t i o n  o f  t h e  memory w i l l  be d e s c r i b e d  by 
4.2.1. WRITING INFORMATION 
When a n  i n p u t  c l o c k  i s  a p p l i e d  t h e  i n p u t  d a t a  i s  t r a n s f e r r e d  t o  t h e  









































































s t a g e  o f  t h e  b u f f e r  r e g i s t e r  i n t o  which t h e  d a t a  i s  t r a n s f e r r e d  i s  d e t e r -  
mined by t h e  s t a t e  o f  t h e  b u f f e r  r i n g  c o u n t e r .  
t r a n s f e r r e d  t o  t h e  b u f f e r  r e g i s t e r ,  t h e  b u f f e r  c o u n t e r  i s  s t e p p e d  by t i m i n g  
p u l s e  SEE and t h e  sys t em i s  r e a d y  t o  a c c e p t  t h e  n e x t  b i t  o f  i n p u t  d a t a .  
After t h e  i n p u t  d a t a  i s  
After f o u r  b i t s  have  been loaded  i n t o  t h e  b u f f e r  regis ter ,  t h e  f o u r  b i t s  
a r e  t r a n s f e r r e d  i n t o  f o u r  o f  t h e  i n f o r m a t i o n  r e g i s t e r s  by t i m i n g  s i g n a l  
G I R .  The f o u r  i n f o r m a t i o n  regis ters  i n t o  which  t h e  d a t a  i s  t r a n s f e r r e d  are  
d e t e r m i n e d  by t h e  s t a t e  o f  t h e  i n f o r m a t i o n  r i n g  c o u n t e r .  
b i t s  have  been t r a n s f e r r e d ,  t h e  b u f f e r  c o u n t e r  i s  s t e p p e d  back t o  i t s  i n i -  
t i a l  s t a t e ,  t h e  i n f o r m a t i o n  c o u n t e r  i s  s t e p p e d  by t i m i n g  s i g n a l  SIC, t h e  
b u f f e r  r e g i s t e r  i s  c l e a r e d  by t i m i n g  s i g n a l  CBR, and t h e  sys t em i s  r e a d y  t o  
a c c e p t  t h e  next d a t a .  A f t e r  36 b i t s  o f  d a t a  have  been t r a n s f e r r e d  t o  t h e  
After t h e  f o u r  
memory, t h e  36 i n f o r m a t i o n  r e g i s t e r s  a r e  l o a d e d ,  t h e  b u f f e r  and i n f o r m a t i o n  
c o u n t e r s  a re  s t e p p e d  back t o  t h e i r  i n i t i a l  s t a t e s ,  and t i m i n g  s i g n a l  MC i s  
g e n e r a t e d  t o  i n i t i a t e  t h e  t r a n s f e r  o f  t h e  i n f o r m a t i o n  i n t o  t h e  memory s t a c k .  
When MC o c c u r s ,  one  o f  2112 word l ines  i n  t h e  memory s t a c k  i s  s e l e c t e d  
by s e l e c t i n g  one  o f  t h e  22 A-switches and o n e  o f  t h e  96 B-swi tches .  
s e l e c t i o n  o f  the A-swi tches  i s  d e t e r m i n e d  by t h e  s t a t e  o f  t h e  A 1  and A2 r i n g  
c o u n t e r s .  The s e l e c t i o n  o f  t h e  B-switch i s  s i m i l a r l y  d e t e r m i n e d  by t h e  
s t a t e  o f  t h e  B1 and B2 r i n g  c o u n t e r s .  
wire lines i n t o  which t h e  i n f o r m a t i o n  w i l l  f l ow a r e  s e l e c t e d  by t h e  b i t -  
sense m a t r i x .  The s e l e c t i o n  o f  t h e  3 6 - b i t - s e n s e  m a t r i x  s w i t c h e s  i s  d e t e r -  
mined by t h e  s t a t e  o f  t h e  P r i n g  c o u n t e r .  After t h e  s e l e c t i o n  o f  t h e  word 
and b i t  s w t i c h e s ,  t h e  36 b i t s  a r e  w r i t t e n  i n  p a r a l l e l  i n t o  t h e  s t a c k  u s i n g  
a p h a s e  modula ted  write. 
p u l s e s  WCTl and WCT2, and t h e  two b i t  c u r r e n t  a r e  c o n t r o l l e d  by t i m i n g  
p u l s e s  BT1 and BT2. 
wri t ten i n t o  t h e  s t a c k ,  t h e  word and b i t  s w i t c h e s  a r e  t u r n e d  o f f ,  t h e  i n f o r -  
m a t i o n  reg is te rs  a r e  c l e a r e d  by C I R ,  and t h e  i n f o r m a t i o n  r e g i s t e r s  a r e  r e a d y  
t o  a c c e p t  incoming i n f o r m a t i o n  from t h e  b u f f e r  r e g i s t e r s .  The  A, B, and P 
r i n g  c o u n t e r s  a r e  t h e n  s t e p p e d  by t i m i n g  p u l s e  SWC t o  t h e  n e x t  36  b i t  a d d r e s s .  
The 
A t  t h e  end MC, t h e  36 o f  576 p l a t e d  
The two word currents  a r e  c o n t r o l l e d  by t i m i n g  
See F i g u r e  7 f o r  t i m i n g .  After t h e  i n f o r m a t i o n  i s  
The w r i t i n g  p r o c e s s  d e s c r i b e d  c o n t i n u e s  u n t i l  a l l  1 , 2 1 6 , 5 1 2  b i t s  have  
been written and t h e  End o f  Write s i g n a l  i s  g e n e r a t e d .  Note t h a t  c o n t i n u e d  
a p p l i c a t i o n  o f  i n p u t  c l o c k s  a t  t h i s  time w i l l  s t a r t  w r i t i n g  t h e  i n p u t  d a t a  
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4 . 2 . 2 .  READING INFORMATION 
? 
: B  
I n f o r m a t i o n  i s  r e a d  from t h e  memory i n  t h e  same sequence  a s  i t  was 
wri t ten.  When t h e  r e a d  command i s  g i v e n  t h e  c o u n t e r s ,  b u f f e r  r e g i s t e r s ,  
and i n f o r m a t i o n  regis ters  a r e  a l l  c l e a r e d ,  t h e  f i r s t  36 b i t s  a r e  t r a n s f e r r e d  
from t h e  s t a c k  t o  t h e  i n f o r m a t i o n  r e g i s t e r s ,  t h e  f i r s t  f o u r  b i t s  a r e  t r a n s -  
f e r r e d  from t h e  i n f o r m a t i o n  regis ters  t o  t h e  b u f f e r  reg is te rs ,  and t h e  B1 
c o u n t e r  i s  s t e p p e d  t o  t h e  n e x t  36 b i t  a d d r e s s .  A l l  t h e s e  f u n c t i o n s  a r e  
per formed d u r i n g  t h e  120  mic rosecond  d e l a y  time ( h e a d i n g  4 . 1 )  t o  g e t  t h e  
f i r s t  b i t  o f  d a t a  r e a d y  t o  be g a t e d  o n t o  t h e  o u t p u t  d a t a  l i n e .  
When t h e  i n p u t  c l o c k  i s  a p p l i e d  t h e  d a t a  i s  t r a n s f e r r e d  from t h e  b u f f e r  
r e g i s t e r  t o  t h e  o u t p u t  d a t a  l i n e  by t i m i n g  p u l s e  GOFF, and t h e  o u t p u t  c l o c k  
o c c u r s .  
o f  which i n f o r m a t i o n  i s  t r a n s f e r r e d  i s  d e t e r m i n e d  by t h e  s t a t e  o f  t h e  b u f f e r  
c o u n t e r .  A f t e r  t h e  i n f o r m a t i o n  i s  t r a n s f e r r e d  t o  t h e  o u t p u t  d a t a  l i ne ,  t h e  
b u f f e r  c o u n t e r  i s  s t e p p e d  by t i m i n g  p u l s e  SBC and t h e  sys t em i s  r e a d y  t o  
r e a d  o u t  t h e  next b i t  o f  d a t a .  A f t e r  f o u r  b i t s  have  been r e a d  o u t ,  t h e  
b u f f e r  c o u n t e r  i s  s t e p p e d  back t o  i t s  i n i t i a l  s t a t e ,  t h e  i n f o r m a t i o n  c o u n t e r  
i s  s t e p p e d  by t i m i n g  p u l s e  SIC, t h e  b u f f e r  r e g i s t e r  i s  c l e a r e d  by t i m i n g  
pulse CBR, and t h e  next f o u r  b i t s  a r e  t r a n s f e r r e d  from t h e  i n f o r m a t i o n  r e g -  
i s te r  t o  t h e  b u f f e r  reg is te r  by t i m i n g  p u l s e  GBRO. The f o u r  i n f o r m a t i o n  
r e g i s t e r s  o u t  o f  which d a t a  i s  t r a n s f e r r e d  i s  d e t e r m i n e d  by t h e  s t a t e  o f  
t h e  i n f o r m a t i o n  c o u n t e r .  A f t e r  32 b i t s  have  been r e a d  o u t ,  and a f t e r  t h e  
3 3 r d  t h r o u g h  3 6 t h  b i t s  have  been t r a n s f e r r e d  t o  t h e  b u f f e r  r e g i s t e r ,  t h e  
next 36 b i t  r e a d o u t  from t h e  memory s t a c k  i s  i n i t i a t e d  by t i m i n g  p u l s e  MC. 
See F i g u r e  8 f o r  t i m i n g .  The stage o f  t h e  b u f f e r  reg is te r  o u t  
When MC o c c u r s ,  one  o f  2112 word l ines  i s  s e l e c t e d  a s  b e f o r e ,  36 b i t -  
s e n s e  m a t r i x  switches a r e  s e l e c t e d  a s  b e f o r e ,  and t h e  i n f o r m a t i o n  r e g i s t e r s  
a r e  c l e a r e d  by t iming  p u l s e  C I R .  
a r e  r e a d  o u t  i n  p a r a l l e l  by p u l s i n g  t h e  word current ( C o n t r o l l e d  by Timing  
P u l s e  WCT1) and by g a t i n g  t h e  r e a d  a m p l i f i e r  w i t h  Timing  P u l s e  RAG when 
t h e  p l a t e d  wire s i g n a l s  caused  by t h e  t r a i l i n g  e d g e  o f  t h e  word c u r r e n t  a r e  
p r e s e n t  a t  t h e  a m p l i f i e r .  The i n f o r m a t i o n  i s  t r a n s f e r r e d  t o  t h e  i n f o r m a t i o n  
reg is te rs  by g a t i n g  t h e  r e a d  a m p l i f i e r s .  The A, B,  and P r i n g  c o u n t e r s  a re  
t h e n  s t e p p e d  t o  t h e  next 36 b i t  a d d r e s s  by t i m i n g  p u l s e  SWC. 
See  F i g u r e  9 f o r  t i m i n g .  The 36 b i t s  
The r e a d i n g  p r o c e s s  d e s c r i b e d  c o n t i n u e s  u n t i l  a l l  1 , 2 1 6 , 5 1 2  b i t s  have  
been t r a n s f e r r e d  t o  t h e  o u t p u t  d a t a  l i n e  and  t h e  End o f  Read s i g n a l  i s  
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g e n e r a t e d .  
r e a d i n g  t h e  i n f o r m a t i o n  a l l  o v e r  a g a i n .  
Con t inued  a p p l i c a t i o n  o f  i n p u t  c l o c k s  a t  t h i s  p o i n t  w i l l  s t a r t  
GBRO 
(ONLY ON CLOCK 4n) 
MC 







n = INTEGER I 1 I I I I 
0 0.5 1 .O 1.5 2 .o 2.5 
- 552-5 TIME (MICROSECONDS) 
F i g u r e  8. 2ps  Read C y c l e  Timing  
C I R  
WCTI 
RAG 
0 2 .o 4 .O 6 .O 8.0 10.0 
TIME (MICROSECONDS) 552-6 
I 
F i g u r e  9. 7 2 p s  Read Cyc le  Timing  
25 
- 1  f 
SECTION 5 
A MEMORY PACKAGING 
T h e r e  was no packag ing  r e q u i r e m e n t  f o r  t h e  b readboard  model.  The 
memory s t a c k ,  however,  was assembled  i n  i t s  f i n a l  form t o  d e m o n s t r a t e  t h e  
f e a s i b i l i t y .  
t h e  15OoC s t o r a g e  d e s i g n  r e q u i r e m e n t .  
was d e s i g n e d  i n  modular  form t o  f a c i l i t a t e  c o n v e n i e n t  t e s t i n g .  
A l l  m a t e r i a l s  used i n  t h e  memory s t a c k  were s e l e c t e d  t o  meet 
The packag ing  o f  t h e  rest o f  t h e  u n i t  
5.1. MEMORY STACK AND BIT-SENSE MATRIX 
The memory s t a c k  was d e s i g n e d  t o  meet t h e  f i n a l  r e q u i r e m e n t s  o f  volume, 
w e i g h t ,  and t e m p e r a t u r e .  
(12 1/4" x 5 3/8" x 2 1/2") and w i l l  f i t  i n  a s t a n d a r d  Nimbus module.  
s t a c k  weighs  a p p r o x i m a t e l y  9 pounds,  and i t s  r e q u i r e d  s t o r a g e  t e m p e r a t u r e  
o f  15OoC was d e m o n s t r a t e d  on a t e s t  p l a n e .  
The memory s t a c k  o c c u p i e s  a volume o f  165 c u  i n .  
The 
A p i c t u r e  o f  t h e  memory s t a c k  and h y b r i d  b i t - s e n s e  matrix i s  shown i n  
F i g u r e  110. 
e x c e p t  t h a t  i t  i s  mounted on a heavy b r a s s  p l a t e  which  was n e c e s s a r y  t o  
accomodate  t h e  c o n n e c t o r s .  These  c o n n e c t o r s  would no t  be p a r t  o f  a f l i g h t  
u n i t ,  b u t  were i n c o r p o r a t e d  i n  t h e  b readboard  model t o  f a c i l i t a t e  conven- 
i e n t  r e p l a c e m e n t  o f  t h e  p l a t e d  wires. The A-switch c o n n e c t o r s  a r e  on t h e  
l e f t  i n  F i g u r e  10, t h e  B-switch and b i t - s e n s e  m a t r i x  d r i v e r  c o n n e c t o r s  on 
t h e  r i g h t ,  and t h e  s e n s e  l i n e  c o n n e c t o r s  on t h e  t o p .  
The packag ing  o f  t h e  b i t - s e n s e  matrix i s  i n  i t s  f i n a l  form 
A second view o f  t h e  memory s t a c k  i s  shown i n  F i g u r e  11. The wi r ing  
f rom t h e  B-switch c o n n e c t o r  t o  t h e  B-switch t r a n s i s t o r s  i s  i n  t h e  f r o n t  o f  
t h e  p i c t u r e ,  and t h e  2 4 t h  memory p l a n e  i s  a t  t h e  t o p .  
o r y  frame a re  g i v e n  i n  Appendix 11. 
Drawings o f  t h e  mem- 
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F i g u r e  10. Memory S t a c k ,  Connec to r  P l a t e ,  and B i t  Sense M a t r i x  
I 
F i g u r e  11. Memory S t a c k  
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5 . 2  PRINTED CIRCUIT CARDS 
The e l e c t r o n i c s  packaged w i t h  t h e  memory t a c k  i n c l u d e s  t h e  b i t -  ense 
m a t r i x ,  s w i t c h e s ,  word l i n e  d i o d e s ,  and B-switch t r a n s i s t o r s .  The res t  o f  
t h e  e l e c t r o n i c s  i s  packaged on s t a n d a r d  doub le - s ided  p r i n t e d  c i r c u i t  c a r d s  
which p l u g  i n t o  wire-wrap c o n n e c t o r s .  
component d e n s i t i e s ,  s i n c e  t h e  o b j e c t  was t o  a c h i e v e  s i m p l e  a r t w o r k  and 
assembly .  
13. 
h a n d l e s ,  t h r o u g h  which c o n t a c t  i s  made w i t h  tes t  p o i n t s ,  a r e  on t h e  l e f t .  
The c a r d  i n  F i g u r e  12 h a s  h y b r i d  c i r c u i t s  made by CTS and t r a n s f o r m e r s  
made a t  Univac .  
No effect  was made t o  a c h i e v e  h i g h  
The component s i d e  of  two c a r d s  a r e  shown i n  F i g u r e s  1 2  and  
The c a r d s  a r e  7" x 5". The c o n n e c t o r  i s  on t h e  r i g h t ,  and t h e  c a r d  
The c a r d  i n  F i g u r e  13 h a s  s t a n d a r d  components.  
5.3. CARD LIBRARY 
The t es t  p o i n t  s i d e  o f  t h e  c a r d  l i b r a r y ,  mounted on t h e  memory c h a s s i s ,  
i s  shown i n  F i g u r e  14. The c a r d s  a r e  mounted on 0.6'' c e n t e r s .  The wire- 
wrap s i d e  o f  t h e  c a r d  l i b r a r y  i s  shown i n  F i g u r e  15 t o g e t h e r  w i t h  t h e  mem- 
o r y  s t a c k  which i s  mounted i n s i d e  i t s  m a g n e t i c  s h i e l d .  
g o i n g  t o  t h e  memory s t a c k  a r e  i n  t h e  f r o n t  o f  t h e  p i c t u r e .  
The B-switch c a b l e s  
5.4. INPUT-OUTPUT CONNECTIONS 
T h e r e  a r e  t h r e e  Cannon t y p e  D c o n n e c t o r s  on t h e  memory c a b i n e t .  These  
a re  as  f o l l o w s :  
Connec to r  F u n c t i o n  
V o l t a g e  +24.5 v o l t s  
- 3.0 v o l t s  
Ground 
E x e r c i s e r  P re -wi red  
Inpu t -Ou tpu t  Read-Write 
I nput  Clock  
I n p u t  Data 
Outpu t  Da ta  
Ou tpu t  Clock  
End o f  Write 
End o f  Read 
Ground 
28 














F i g u r e  12. B i t  P a t h  Card 
i 
F i g u r e  13. B-Switch Card 
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F i g u r e  14. Card L i b r a r y  
F i g u r e  15. Card L i b r a r y  and Memory S t a c k  
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The i n p u t - o u t p u t  s i g n a l s  a r e  descr ibed  i n  Heading  4-1. When t h e  
sys t em i s  o p e r a t e d  w i t h  t h e  exerciser,  t h e  n e c e s s a r y  i n p u t - o u t p u t  s i g n a l s  
a r e  s u p p l i e d .  I f  t h e  memory i s  o p e r a t e d  w i t h o u t  t h e  exerciser, t h e  exer- 
c iser  m u s t  b e  d i s c o n n e c t e d ,  and s i m i l a r l y ,  i f  t h e  memory i s  o p e r a t e d  w i t h  
t h e  exerciser,  t h e  i n p u t - o u t p u t  c o n n e c t i o n s  s h o u l d  be f l o a t i n g .  E i t h e r  way 
t h e  memory i s  o p e r a t e d ,  t h e  v o l t a g e s  m u s t  be s u p p l i e d .  A p i c t u r e  o f  t h e  
memory b e i n g  o p e r a t e d  by t h e  exerciser i s  shown i n  F i g u r e  16. 





6.1. COMPONENT SELECTION 
The components s e l e c t e d  f o r  t h e  sys t em were e l e c t r i c a l l y  i d e n t i c a l  t o  
t h o s e  used i n  t h e  d e s i g n .  Where a l t e r n a t i v e s  i n  t h e  component s e l e c t i o n  
e x i s t e d ,  low c o s t  was t h e  d e t e r m i n i n g  f a c t o r  r a t h e r  t h a n  s ize .  Excep t  f o r  
t h e  word l i ne  d i o d e  modules and h y b r i d  c i r c u i t s ,  no p r e t e s t i n g  o f  t h e  com- 
p o n e n t s  was pe r fo rmed .  Al though a few components f a i l e d  d u r i n g  t h e  e a r l y  
s t a g e s  o f  s y s t e m  t e s t ,  no f a i l u r e s  o c c u r r e d  d u r i n g  t h e  l a s t  three months o f  
t h e  t e s t i n g s .  
6.2. DERATING RULES 
Worst c a s e  d e s i g n  p r o c e d u r e s  were used  t h r o u g h o u t  t h e  sys tem.  I n  ad-  
d i t i o n  t o  p u r c h a s e  t o l e r a n c e  and t e m p e r a t u r e  c o e f f i c i e n t s  o f  t h e  components,  
t h e  f o l l o w i n g  d e r a t i n g  f a c t o r s  were used i n  t h e  d e s i g n :  
Dera t i ng 
F a c t o r  Component P a r a m e t e r  
T r a n s i s t o r  hFE minimum 0.7 
hFE maximum 1.2 
Breakdown V o l t a g e s  0.5 
Leakage  C u r r e n t s  5.0 
VBE maximum 1.1 
VcE maximum 1.2 








P a r a m e t e r  D e r a t i n g  F a c t o r  - 
T maximum 1.1 S 
T o t a l  Power 0.5 
Ba s e- Emi t t er 0.1 o f  t o t a l  
Power Power 
Leakage  c u r r e n t  5.0 
Breakdown V o l t a g e  0.5 
V maximum 1.1 F 
V m i n i m u m  0.9 F 
C maximum 1 . 2  
C minimum 0.8 
T maximum 1.2 S 
'zener 
Power 
50 m i l l i v o l t s  
0.5 
Resi s t o r  R e s i s t o r  Va lue  22% 
C a p a c i t o r s  Breakdown V o l t a g e  0.5 
C a p a c i t o r  Value  
Coup1 i ng 25% 
By p a s s  0.5 
A f u r t h e r  d e s i g n  r e q u i r e m e n t  was t h a t  t h e  power s u p p l i e s  c o u l d  come on 









SYSTEM TEST RESULTS 
7.1 . WAVEFORMS 
F i g u r e s  17 t h r u  2 0  show waveforms d e s c r i b e d  i n  S e c t i o n  4.2 and a r e  
p a r t  o f  t h e  s i g n a l s  shown i n  F i g u r e s  6 t h r o u g h  9 r e s p e c t i v e l y .  
7.2. OPERATING MARGINS ----- 
The sys t em was t e s t e d  a t  25OC and 6OoC t o  g u a r a n t e e  s t a b l e  o p e r a t i o n  by 
r e q u i r i n g  i t  t o  p a s s  two t y p e s  o f  t es t s :  
a s s u r e  a d e q u a t e  marg ins  o f  t h e  e l e c t r o n i c s ,  and ( b )  word and b i t  c u r r e n t  
v a r i a t i o n s  t o  a s s u r e  a d e q u a t e  marg ins  i n  t h e  memory s t a c k .  
( a >  sys t em v o l t a g e  v a r i a t i o n s  t o  
Al though t h e  c i r c u i t s  were d e s i g n e d  assuming 53% s u p p l y  v o l t a g e  v a r -  
i a t i o n s ,  t h e  sys t em was r e q u i r e d  t o  o p e r a t e  w i t h  l a r g e r  v a r i a t i o n s  t o  t a k e  
i n t o  a c c o u n t  component d e r a t i n g s .  A c c o r d i n g l y ,  t h e  systetn o p e r a t e s  w i t h  
520% independen t  v a r i a t i o n s  o f  t h e  s u p p l y  v o l t a g e s  and w i t h  a l l  combina t ions  
o f  +lo% v a r i a t i o n s  o f  t h e  s u p p l y  v o l t a g e s .  A p l o t  o f  t h e  o p e r a t i n g  b i t  
c u r r e n t  v e r s u s  word c u r r e n t  i s  shown i n  F i g u r e  21 .  
t o  o p e r a t e  t o  a s s u r e  e r r o r  free pe r fo rmance  w i t h  +5% t o l e r a n c e s  on t h e  nom- 
i n a l  b i t  and word currents.  The p l o t  was o b t a i n e d  w i t h  a t es t  program con- 
s i s t i n g  o f  w r i t i n g  t h e  w o r s t  c a s e  i n f o r m a t i o n  program and r e a d i n g  t h e  con- 
t e n t s  o f  t h e  memory t h r e e  times. The u p p e r  b i t  c u r r e n t  t h r e s h o l d  i s  d e t e r -  
mined where  each  s t o r a g e  l o c a t i o n  r e c e i v e d  10,000 b i t  c u r r e n t  d i s t u r b s  
w i t h o u t  e r r o r .  I n  a d d i t i o n ,  each  s t o r a g e  l o c a t i o n  was r e q u i r e d  t o  w i t h s t a n d  
5,000 word c u r r e n t  d i s t u r b s  w i t h  t h e  word c u r r e n t  5% above  nominal a f t e r  t h e  
w o r s t  c a s e  i n f o r m a t i o n  p a t t e r n s  were w r i t t e n  w i t h  t h e  word and b i t  currents 
b o t h  5% below nominal .  A l l  t h e s e  t e s t s  were per formed w i t h  t h e  r e a d  a m p l i f i -  
er  g a i n s  v a r i e d  ?20%. 
was t e m p e r a t u r e  c y c l e d  f i v e  times between 20OC and 60OC w i t h o u t  d e g r a d a t i o n .  
The s t a c k  was r e q u i r e d  
After work o n  t h e  memory s t a c k  was comple t e ,  t h e  sys t em 
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INPUT CLOCK: 1 VOLT/DIV. 
GBRI: 2 VOLTS/DIV. 
4TH STAGE OF BUFFER REGISTER: 
SHOWS REGISTER BEING SET WITH “1”  BY 
2 VOLTS/DIV. 
GBRI AND BEING CLEARED BY SIC-CBR 
GIR: 2 VOLTS/DIV. 
INFORMATION REG I STER BE IN G 
SET WITH “1” 
0.5 VOLTS/DIV. 
SBC: 2 VOLTS/DIV. 
SIC-CBR: 2 VOLTS/DIV. 
HOR. SCALE: 250 NS/DIV. 
/ 
Figure 17. 2ps Write Cycle Waveforms 
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MC: 2 VOLTS/DIV. -
WORD CURRENT: 200 MA/DIV. 
BIT CURRENT: 20 MA/DIV. 
CIR: 2 VOLTS/DIV. 
HOR. SCALE: 500 NS/DIV. 
Figure 18. 72ps Write Cycle Waveforms 
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i . ’  
Figure 19. 
INPUT CLOCK: 1 VOLT/DIV. 
GOFF: 2 VOLTS/DIV. 
OUTPUT CLOCK: I VOLT/DIV. 
NRZ OUTPUT DATA: 1 VOLT/DIV. 
SHOWS OUTPUT GOING TO “0”AND 
BACK TO “1” ON NEXT CYCLE 
SBC: 2 VOLTS/DIV. 
SIC-CBR: 2 VOLTS/DIV. 
GBRO: 2 VOLTS/DIV. 
1ST STAGE O F  BUFFER REGISTER: 
SHOWS REGISTER BEING CLEARED B Y  
CBR AND THEN BEING SET BY GBRO 
2 VOLTS/DIV. 
HOR. SCALE: 250 NS/DIV. 




WORD CURRENT: 200 MA/DIV. 
RAG: 2 VOLTS/DIV. 
READ SIGNALS A T  DETECTOR STAGE 
IN AMPLIFIER; “1” IS NEGATIVE 
TRAILING EDGE SIGNAL. 
0.5 VOLTS/DIV. 
INFORMATION REGISTER BEING 
SET WITH “ I ” .  
0.5 VOLTS/DIV. 
HOR. SCALE: 100 NS/DIV. 



























60°C 25% 6OoC 25*C 
I I I t I I I I I 
5 825 875 9 25 975 1 
WORD CURRENT (MA) 








After t h e  sys t em t e s t  was comple ted  and t h e  a c c e p t a n c e  t es t  per formed 
(Heading  7 . 4 )  t h e  w o r s t  c a s e  i n f o r m a t i o n  p a t t e r n s  were r e a d  10,000 times 
w i t h o u t  e r r o r  a t  nominal currents. 
7.3. POWER REQUIREMENT- 
F i g u r e  2 2  summarizes t h e  power r e q u i r e m e n t s  o f  t h e  memory. The 
supp ly  c u r r e n t s  f o r  r e a d i n g  and w r i t i n g  were measured a t  t h e  maximum b i t  
r a t e  o f  500 k i l o c y c l e s .  
o b t a i n e d  by p r o p o r t i o n a t e l y  r e d u c i n g  t h e  d i f f e r e n c e  between t h e  r u n n i n g  and 
s t a n d b y  powers.  
r u n n i n g  p o x e r s  c a n  be met w i t h o u t  a s i g n i f i c a n t  e f f o r t .  
s t a n d b y  power below 500 m i l l i w a t t s  would r e q u i r e  a redesign e f f o r t .  
The  power r e q u i r e m e n t s  f o r  l ower  b i t  ra tes  c a n  be 
Al though t h e  power l e v e l s  a r e  h i g h e r  t h a n  s p e c i f i e d ,  t h e  
To r e d u c e  t h e  
S tandby W r i t i n g  Reading  
Supp ly  I-ma P-mw I-ma P-mw I-ma P-mw 
3-24.5 0.0 0 13.6 334 11.5 282 
+12.0 1 2 . 0  144 63.0 720 63.0 756 
+ 6.0 5 4 . 0  324 77.0 462 9 2 . 0  552  
f- 3.0 6.9 21 1 .o 3 -9.8 --- 
- 3.0 30.0 90 2 7 . 0  81 16 48 
T o t a l  579mw 1600 1638 
F i g u r e  22. System Power Requi rements  
7.4. ACCEPTANCE TEST 
T h e . f o l l o w i n g  i s  t h e  a c c e p t a n c e  test  which t h e  memory sys t em p a s s e d  
w i t h o u t  e r r o r  p r i o r  t o  d e l i v e r y :  
The t e s t i n g  o f  t h e  memory sys t em s h a l l  be per formed u s i n g  t h e  memory 
exerciser.  
The w o r s t  case p a t t e r n  f o r  t h e  memory s y s t e m o c c u r s  when t h e  i n f o r m a t i o n  
a l t e r n a t e s  between "1" and "0" on each s u c c e s s i v e  b i t .  The w o r s t  c a s e  
p a t t e r n  whose f i r s t  b i t  i s  a "0" i s  d e f i n e d  a s  t h e  "0" p a t t e r n ,  and t h e  
w o r s t  c a s e  p a t t e r n  whose f i r s t  b i t  i s  a "1" i s  d e f i n e d  a s  t h e  "1" p a t t e r n .  





a .  Write "1" p a t t e r n  i n t o  a l l  s t o r a g e  l o c a t i o n s .  
b.  Write "0" p a t t e r n  i n t o  a l l  s t o r a g e  l o c a t i o n s .  
c .  Read a l l  s t o r a g e  l o c a t i o n s  100 times. 
d .  Write "1" p a t t e r n  i n t o  a l l  s t o r a g e  l o c a t i o n s .  
e. Read a l l  s t o r a g e  l o c a t i o n s  100 times. 
Program 2: 
a .  Write "0" p a t t e r n  i n t o  a l l  s t o r a g e  l o c a t i o n s .  
b. Read a l l  s t o r a g e  l o c a t i o n s  3 times. 
c. Write "1" p a t t e r n  i n t o  a l l  s t o r a g e  l o c a t i o n s .  
d .  Read a l l  s t o r a g e  l o c a t i o n s  3 times. 
e.  Repea t  ( a )  t h r o u g h  ( d )  a s  l o n g  a s  r e q u i r e d  by s t e p s  3 
and 6 o f  t h e  a c c e p t a n c e  t es t .  
The f o l l o w i n g  t e s t s  s h a l l  be  per formed i n  t h e  a c c e p t a n c e  t e s t .  
T e s t  A: 
a .  Set a l l  sys tem v o l t a g e s  5.0% below nominal.  
b.  Pe r fo rm Program 1. 
T e s t  B: 
a .  Set a l l  sys tem v o l t a g e s  5.0% above  nominal .  
b.  Per fo rm Program 1. 
T e s t  C: 
a .  Set a l l  sys t em v o l t a g e s  a t  nominal .  
b. Pe r fo rm Program 2 .  
The f o l l o w i n g  i s  t h e  a c c e p t a n c e  t e s t .  The i n f o r m a t i o n  r a t e  
s h a l l  be  500 k i l o c y c l e s  f o r  a l l  t e s t s .  
1. Pe r fo rm T e s t  A a t  25OC. 
2 .  Perform T e s t  B a t  25OC. 
3 .  Perform T e s t  C s t a r t i n g  a t  25OC. and c o n t i n u e  t o  pe r fo rm 
T e s t  C w h i l e  t h e  ambient  t e m p e r a t u r e  i s  b e i n g  r a i s e d  t o  
55'C. a t  a r a t e  o f  a p p r o x i m a t e l y  1 C. p e r  minu te  and f o r  
30 m i n u t e s  a f t e r  t h e  ambient  t e m p e r a t u r e  h a s  r eached  55OC. 
4 .  Per fo rm T e s t  A a t  55OC. 
5 .  Per fo rm T e s t  B a t  5 5 O C .  
6 .  Perform T e s t  C s t a r t i n g  a t  55OC., and c o n t i n u e  t o  per form 
T e s t  C w h i l e  t h e  ambient  t e m p e r a t u r e  i s  b e i n g  lowered  t o  
25OC. a t  a r a t e  o f  a p p r o x i m a t e l y  l 0 C .  p e r  minu te  and f o r  
30 m i n u t e s  a f t e r  t h e  ambient  t e m p e r a t u r e  h a s  r e a c h e d  25OC. 
7. Pe r fo rm T e s t  A a t  25OC. 
8. Per fo rm T e s t  B a t  25OC. 
The above  t e s t  p l a n  t a k e s  f o u r  and one -ha l f  h o u r s  from s t a r t  t o  f i n i s h .  
4 1  
APPENDIX I 
CIRCUITS AND LOGICS 
1 
1.1. LOGIC NOTATION_ 
The  l o g i c  n o t a t i o n  used f o r  t h e  memory l o g i c s  w i l l  b e  d e s c r i b e d  w i t h  
r e f e r e n c e  t o  t h e  l o g i c  b l o c k s  shown i n  F i g u r e  1-1 and F i g u r e  1-2. 
b l o c k s  a r e  t a k e n  from Drawing 3836145. 
h e r e  i s  a l s o  used on  t h e  memory exerciser l o g i c s  i n  Appendix 111. 
These  
The  same l o g i c  n o t a t i o n  a s  d e s c r i b e d  
Wi th in  each  l o g i c  b l o c k  there a r e  up t o  f i v e  t y p e s  o f  i n f o r m a t i o n .  
F i g u r e  1-1 c o n t a i n s  a l l  f i v e  t y p e s ,  whereas  F i g u r e  1-2 c o n t a i n s  o n l y  Types 
2 ,  4 and 5. These  t y p e s  a r e  a s  f o l l o w s :  
Type 1: L o g i c  F u n c t i o n  
T h i s  t y p e  d e s c r i b e s  t h e  l o g i c  f u n c t i o n  per formed i n  t h e  l o g i c  
b l o c k .  I n  F i g u r e  1-1 an  "or" f u n c t i o n  i s  b e i n g  per formed.  Type 
1 i n f o r m a t i o n  i s  o p t i o n a l  since t h e  f u n c t i o n  may b e  o b v i o u s  from 
t h e  c i r c u i t  t y p e ,  a s  i s  t h e  c a s e  i n  F i g u r e  1-2 where t h e  f u n c t i o n  
o f  a f l i p - f l o p  i s  o b v i o u s .  The l o g i c  f u n c t i o n s  used i n  t h e  memory 
l o g i c s  a r e  a s  f o l l o w s :  




Type 2: Circui t  Type 
T h i s  t y p e  g i v e s  t h e  c i r c u i t  t y p e  p e r f o r m i n g  t h e  f u n c t i o n .  I n  
F i g u r e  1-1, SS s t a n d s  f o r  Single Shot and i n  F i g u r e  1-2,  FFlB 
s t a n d s  f o r  F l i p - F l o p  1B.  A c o m p l e t e  c r o s s  reference l i s t  i s  g i v e n  
i n  S e c t i o n  1.3 o f  t h e  c i r c u i t  t y p e s  and c i r c u i t  s c h e m a t i c s  on 













Figure 1-1. Single O u t p u t  Logic Block 
1 b  'O KY-01 
FFIB 156-04 
552-20 
W C  006 01 
Figure 1-2. Dual O u t p u t  Logic Block 
I 
1-2 
Type 3: M i s c e l l a n e o u s  ---- 
b t  
b J 
i 
" i  
t 
i 
T h i s  t y p e ,  when used ,  g i v e s  i n f o r m a t i o n  n e c e s s a r y  w i t h  c e r t a i n  
c i t c u i t  t y p e s  t o  u n d e r s t a n d  t h e  l o g i c s .  Fo r  example ,  t h e  time 
d u r a t i o n  o f  t h e  S i n g l e  Shot  i s  g i v e n  i n  F i g u r e  1-1. 
Type 4: Component Number 
Each s i n g l e  o u t p u t  l o g i c  b l o c k  c o n t a i n s  a component number (013 i n  
F i g u r e  1-11. The l o g i c  b l o c k s  on each  d r a w i n g  a r e  s e q u e n t i a l l y  
numbered. 
g i v i n g  t h e  l a s t  3 numbers o f  t h e  d rawing  number and t h e n  g i v i n g  
t h e  component number. 
by 145013. 
p u t  r e c e i v e s  a component number so  t h a t  t h e  o u t p u t  can be u n i q u e l y  
i d e n t i f i e d  a t  t h e  i n p u t  which t h e  c i r c u i t  d r i v e s .  
Each l o g i c  b l o c k  i s  u n i q u e l y  i d e n t i f i e d  by f i r s t  
Thus  t h e  b l o c k  i n  F i g u r e  1-1 i s  i d e n t i f i e d  
F o r  a b l o c k  which h a s  more t h a n  one  o u t p u t ,  e a c h  o u t -  
Type 5: 
The l o c a t i o n  o f  e a c h  component i n  t h e  c a r d  l i b r a r y  i s  g i v e n  i n  
e a c h  b l o c k .  I n  a d d i t i o n ,  t h e  t e s t  p o i n t  o f  t h e  o u t p u t  o f  t h e  
component i s  g i v e n  i f  i t  i s  a v a i l a b l e .  F o r  example ,  i n  F i g u r e  
1 - 1 ,  A3310 means t h e  c a r d  i s  i n  row A ,  column 33 o f  t h e  c a r d  l i b -  
r a r y  and t h e  t es t  p o i n t  i s  number 10. 
Component L o c a t i o n  and T e s t  P o i n t  
F l a g s  a r e  o f t e n  used  a t  t h e  i n p u t s  and o u t p u t s  t o  a s s i s t  t h e  under- 
s t a n d i n g  o f  t h e  l o g i c  f u n c t i o n  b e i n g  per formed.  
low s i g n a l  and a d a r k  f l a g  i n d i c a t e s  a h i g h  s i g n a l .  
i n  t h e  memory a r e  ground and +6 v o l t s  f o r  t h e  low and h i g h  l e v e l s  r e s p e c t i v e -  
l y .  L e v e l s  o t h e r  t h a n  t h i s  a r e  shown on t h e  l o g i c s .  The  f l a g s  a t  t h e  o u t -  
p u t s  show t h e  a c t i v e  l e v e l  o f  t h e  l o g i c  b l o c k .  
F i g u r e  1-1 shows t h a t  t h e  o u t p u t  goes  p o s i t i v e  when t h e  s ingle  s h o t  i s  
t r i g g e r e d .  The f l a g  on t h e  o u t p u t  i n  F i g u r e  1-2 shows t h a t  t h e  o u t p u t  g o e s  
p o s i t i v e  when t h e  f l i p - f l o p  i s  set .  The f lags  a t  t h e  i n p u t s  show t h e  a c t i -  
v a t i n g  l e v e l s  f o r  t h e  l o g i c  b l o c k .  
w i l l  t r i g g e r  t h e  s ing le  s h o t ,  a p o s i t i v e  g o i n g  set i n p u t  i n  F i g u r e  1-2 w i l l  
set  t h e  f l i p - f l o p ,  and a n e g a t i v e  g o i n g  c lear  i n p u t  i n  F i g u r e  1-2 w i l l  reset  
t h e  f l i p - f l o p .  
A l i g h t  f l a g  i n d i c a t e s  a 
The normal l o g i c  l e v e l s  
The f l a g  on t h e  o u t p u t  i n  
A n e g a t i v e  g o i n g  i n p u t  i n  F i g u r e  1-1 
The numbers a d j a c e n t  t o  t h e  i n p u t  and o u t p u t  f l a g s  a r e  t h e  numbers o f  
t h e  wire wrap p i n s  on t h e  backboard  o f  t h e  c a r d  l i b r a r y .  
number o f  t h e  o u t p u t  i n  F i g u r e  1-1. 
i n d i c a t e s  on-card  w i r i n g .  
25 i s  t h e  p i n  
An XX where  a p i n  number no rma l ly  goes  
S i g n a l  t i t l e s  a p p e a r  where  t h e  i n t e r c o n n e c t i o n  o f  l o g i c  b l o c k s  do n o t  
a p p e a r  on t h e  d rawing .  
Next t o  a n  o u t p u t  s i g n a l  t i t l e  i s  t h e  i n f o r m a t i o n  which g i v e s  t h e  i n p u t s  
WST i s  t h e  s i g n a l  t i t l e  o f  t h e  o u t p u t  i n  F i g u r e  1-2.  
1-3 
which  t h e  o u t p u t  d r i v e s .  145-01 and 156-04 under  WST s a y s  t h a t  W s f  a p p e a r s  
o n c e  on t h e  d r a w i n g  whose l a s t  t h r e e  numbers a r e  145 and a p p e a r s  f o u r  times 
on t h e  d r a w i n g  whose l a s t  t h r e e  numbers a r e  156. 
o f  a n  i n p u t  i n  F i g u r e  1-2, and t h e  s o u r c e  o f  t h e  i n p u t  i s  component 143020. 
A l i s t  o f  t h e  s i g n a l s  and t h e i r  f u n c t i o n s  i s  g i v e n  i n  Heading  1-2. 
MC i s  t h e  s i g n a l  t i t l e  
I n p u t s  t o  a l o g i c  b l o c k  which p e r f o r m  d i f f e r e n t  f u n c t i o n s  a r e  u n i q u e l y  
l a b e l e d  i n  t h e  b l o c k .  The i n p u t s  which set  t h e  f l i p - f l o p  i n  F i g u r e  1-2 
a p p e a r  o p p o s i t e  t h e  S,  and t h e  i n p u t s  which c l e a r  t h e  f l i p - f l o p  a p p e a r  
o p p o s i t e  t h e  C .  
u n i q u e  i d e n t i f i c a t i o n  i n  a d d i t i o n  t o  t h e  component numbers. 
t h e  f l i p - f l o p  o u t p u t s  a r e  i d e n t i f i e d  by 1 and 0. 
i d e n t i f i c a t i o n s  a r e  n e c e s s a r y  t o  r e f e r e n c e  t o  t h e  c i r c u i t  s c h e m a t i c s .  
L o g i c  b l o c k s  which h a v e  more t h a n  o n e  o u t p u t  r e c e i v e s  a 
I n  F i g u r e  1-2 
T h e s e  i n p u t  and o u t p u t  
I .  2.  SIGNAL LIST 
The f o l l o w i n g  i s  a l i s t  o f  t h e  s i g n a l  t i t l e s  used i n  t h e  memory l o g i c s .  
The  l i s t  g i v e s  t h e  l a s t  t h r e e  numbers o f  t h e  l o g i c  p r i n t  on which t h e  s o u r c e  
o f  t h e  s i g n a l  a p p e a r s .  
S i g n a  1 
T i t l e  
A 1  t h r u  A22 
A 1 - 0  
A l - 1  t h r u  A1-4 
A l - 1  t h r u  A1-4 
A2-0 
A2-1 t h r u  A2-6 
S i g n a  1 
S o u r c e  







T h e s e  a r e  t h e  
a r e  c o n n e c t e d  
memory s t a c k .  
S i g n a l  F u n c t i o n  
- 
o u t p u t s  o f  t h e  22  A-switches and 
t o  t h e  word l i n e  d i o d e s  i n  t h e  
Only o n e  o f  t h e  A-switches i n  
a c t i v a t e d  a t  a time. 
T h i s  i n d i c a t e s  t h e  s t a t e  o f  t h e  f i r s t  s t a g e  o f  
t h e  A 1  r i n g  c o u n t e r  and i s  used  t o  check  
s y n c h r o n i z a t i o n .  
T h e s e  a r e  t h e  1 o u t p u t s  o f  t h e  A 1  r i n g  c o u n t e r  
and d r i v e  t h e  A-switch d r i v e r s .  
T h e s e  a r e  t h e  0 o u t p u t s  o f  t h e  A 1  r i n g  c o u n t e r  
T h i s  i n d i c a t e s  t h e  s t a t e  o f  t h e  f i r s t  s t a g e  o f  
t h e  A 2  r i n g  c o u n t e r  and  i s  used  t o  check  syn- 
c h r o n i z a t i o n .  
T h e s e  a r e  t h e  0 o u t p u t s  o f  t h e  A2 r i n g  c o u n t e r  
and a r e  p r i m a r i l y  used t o  select  t h e  A s w i t c h e s .  
1-4 
Signa  1 
S o u r c e  
P r i n t  
S igna  1 
T i t  l e  S i g n a l  F u n c t i o n  
BCC Block C o u n t e r  C l e a r :  T h i s  exerciser s i g n a l  
b l o c k s  t h e  c l e a r i n g  of t h e  word c o u n t e r s  when 






BC1 and  BC4 
Block B1 Coun te r :  T h i s  exerciser s i g n a l  b l o c k s  
t h e  s t e p p i n g  o f  t h e  B1 c o u n t e r .  
Block B2 Coun te r :  T h i s  exerciser s i g n a l  b l o c k s  
t h e  s t e p p i n g  of  t h e  B2 ( p l a n e )  c o u n t e r .  
Block P Coun te r :  T h i s  exerciser s i g n a l  b l o c k s  
t h e  s t e p p i n g  of  t h e  p o s i t i o n  c o u n t e r .  
159 
154 
T h i s  b l o c k s  t h e  s t e p p i n g  o f  t h e  B2 r i n g  c o u n t e r .  
T h i s  i s  a n  exerciser f u n c t i o n  o n l y .  
These  a r e  t h e  l o g i c  s i g n a l s  which  i n d i c a t e  t h e  
s t a t e  of  t h e  f i r s t  and  f o u r t h  s tages  o f  t h e  
B u f f e r  C o u n t e r .  
BCRl t h r u  BCR4 154 T h e s e  e n a b l e  i n f o r m a t i o n  t o  be g a t e d  f rom t h e  
B u f f e r  R e g i s t e r  i n t o  t h e  O u t p u t  F l i p - F l o p  i n  
t h e  r e a d  c y c l e .  




T h e s e  ga t e  t h e  i n p u t  d a t a  i n t o  t h e  B u f f e r  Reg- 
i s t e r .  The g a t e  time i s  c o n t r o l l e d  by GBR1. 
B i t  Power P u l s e .  T h i s  s t e p s  up t h e  c u r r e n t  
l e v e l  o f  t h e  I n f o r m a t i o n  Register d u r i n g  t h e  
write c y c l e .  
BROl t h r u  BR04 154 B u f f e r  Register Ou tpu t .  
i n f o r m a t i o n  t o  b e  g a t e d  i n t o  t h e  Ou tpu t  F l i p -  
F l o p  i n  t h e  r e a d  c y c l e  and  t o  b e  g a t e d  i n t o  
t h e  I n f o r m a t i o n  Register i n  t h e  write c y c l e .  




Sets t h e  f i r s t  s t a g e  o f  t h e  B2 r i n g  c o u n t e r .  BS 
BT1 and  BT2 These  a r e  t h e  t i m i n g  p u l s e s  which d r i v e  t h e  
b i t  d r i v e r s  and  c o n t r o l  t h e  t i m i n g  o f  t h e  f i r s t  
and second b i t  c u r r e n t s .  
157 These  d r i v e  t h e  B-switch t r a n s i s t o r s  on  t h e  
memory p l a n e s .  
a t  a time. 
Only one  o f  t h e  96 i s  a c t i v a t e d  
81 t h r u  B96 
B1-0 T h i s  i n d i c a t e s  t h e  s t a t e  o f  t h e  f i r s t  s tage o f  
t h e  B1 r i n g  c o u n t e r  and i s  used  t o  check  syn- 






B1-1 t h r u  B1-4 156 These  a r e  t h e  1 o u t p u t s  o f  t h e  B1 r i n g  c o u n t e r  
and d r i v e  t h e  B s w i t c h  d r i v e r s .  
-- 
B1-1 and B1-4 156 T h e s e  a r e  t h e  0 o u t p u t s  o f  t h e  f i r s t  and f o u r t h  
s t a g e s  o f  t h e  B1 r i n g  c o u n t e r .  
B1-11 t h r u  B1-14 157 These  a r e  t h e  o u t p u t s  o f  t h e  B-switch d r i v e r s .  
B2-0 159 T h i s  i n d i c a t e s  t h e  s t a t e  o f  t h e  f i r s t  s t a g e  o f  
t h e  B2 r i n g  c o u n t e r  and i s  used t o  check syn- 
c h r o n i z a t i o n .  
B2-1 t h r u  B2-24 156 T h e s e  a r e  t h e  o u t p u t s  o f  t h e  B2 r i n g  c o u n t e r  
and a r e  p r i m a r i l y  used t o  select t h e  B-switches.  
C B1 
CBR 1 CCC 
cc 
159 T h i s  c l e a r s  t h e  B1 c o u n t e r  when b l o c k  s t e p  i s  
used .  
ccc 154 C o n v e r t e r  C o u n t e r  C l e a r .  
143 T h i s  i s  t h e  t i m i n g  p u l s e  which c l e a r s  t h e  buf-  
fer  r e g i s t e r ,  t h e  c o n v e r t e r  c o u n t e r  and t h e  
i n f o r m a t i o n  r e g i s t e r  when t h e  r e a d - w r i t e  com- 
mand c h a n g e s .  
C I R  145 C l e a r  I n f o r m a t i o n  Register 
Signa  1 
T i t l e  --- 
S i g n a l  
S o u r c e  
P r i n t  
S i g n a l  F u n c t i o n  
156 Common c l e a r ;  T h i s  c l e a r s  t h e  2 t h r u  n s t a g e s  
o f  t h e  f i v e  Word C o u n t e r s .  
cwc 
CWlC 
145 C l e a r  Word Counter :  T h i s  i s  t h e  t i m i n g  p u l s e  
which c l e a r s  t h e  word c o u n t e r s  when t h e  Read- 
Write Command changes.  
159 T h i s  i s  t h e  o u t p u t  o f  t h e  g a t e  which b l o c k s  
CWC when t h e  Block C o u n t e r  S t e p  i s  b e i n g  p e r -  
formed by t h e  exercises. 
158 T h e s e  s i g n a l s  d r i v e  t h e  dummy b i t - s e n s e  m a t r i x  
s w i t c h e s  . 
D l - 1 ,  D1-2, D2-1, 
and  D2-2 
END OF READ 1 4 3  T h i s  i s  t h e  memory o u t p u t  s i g n a l  which o c c u r s  
when t h e  l a s t  b i t  i n  t h e  memory h a s  been r e a d .  
END OF WRITE 143 T h i s  i s  t h e  memory o u t p u t  s i g n a l  which o c c u r s  
when t h e  l a s t  b i t  i n  t h e  memory h a s  been w r i t t e n .  
GBRI 143 G a t e  B u f f e r  Register I n :  T h i s  t i m i n g  s i g n a l  i s  






Title Signal Function 
GBHO 143 Gate Buffer Register Out: 
is referred to under signals ICRl thru ICD9. 
This timing signal 
GI R 143 Gate Information Register: 
referred to under signals ICWl thru ICW9. 
Gate Output Flip-Flop: This timing signal 
controls the time during the read cycle when 
information is transferred from the Buffer 
Register to the Output Flip-Flop. 
This timing signal 
GOFF 143 
- 1  
i 
These are the logic signals which indicate the 
state of the first and ninth stages of the 
Information Counter. 
IC1 and IC9 154 
ICCl thru ICC9 




0 outputs of Information Counter. 
1 outputs of Information Counter which enable 
the Converter Counter Pulses. 
ICRl thru ICR9 154 These gate information from the Information 
Register to the Buffer Register during a read 
cycle. The timing.of the signals is controlled 
by GBRO. 
These gate information from the Buffer Register 
to the Information Register in the Write cycle. 
The timing of the signals is controlled by GIR. 
ICWl thru ICW9 154 
INPUT CLOCK 
INPUT DATA 




This is the controlling clock to the memory. 
This is the information line to the memory. 
These are the information signal lines from the 
Information Register to the Buffer Register. 
Information is gated into the lines by ICR 
pulses . 
LBRl 145 Load Buffer Register 1: This delays the 
transfer of the first four bits from the Infor- 







parallel Read cycle or Write cycle. 
This initiates the 36 bit MC 
Output Clock 
Output Data 
Output from memory indicating presence of Out- 
put Data. 
Information output line of the memory. 
1-7 
S i g n a l  
S o u r c e  
P r i n t  
S i g n a  1 





Sets t h e  f i r s t  s t a g e  o f  t h e  P r i n g  c o u n t e r .  
P o s i t i o n  Select Timing: T h i s  i s  t h e  t i m i n g  
p u l s e  f o r  s e l e c t i n g  t h e  b i t - s e n s e  m a t r i x .  
P -0 159 T h i s  i n d i c a t e s  t h e  s t a t e  o f  t h e  f i r s t  s t a g e  
o f  t h e  P r i n g  c o u n t e r  and i s  used t o  check  
s y n c h r o n i z a t i o n .  
P 1  t h r u  P l 6  156 
- 
P1 and E 6  156 
T h e s e  a r e  t h e  1 o u t p u t s  o f  t h e  P r i n g  c o u n t e r  
and d r i v e  t h e  b i t - s e n s e  m a t r i x  d r i v e r s .  
T h e r e  a r e  t h e  0 o u t p u t s  o f  t h e  f i r s t  and l a s t  
s t a g e s  o f  t h e  P r i n g  c o u n t e r .  
P1-1 t h r u  P1-16 GL 158 
P2-1 t h r u  P2-16 
T h e s e  d r i v e  t h e  p l a t e d  wire b i t - s e n s e  m a t r i x  
s w t i c h e s .  The t i m i n g  i s  c o n t r o l l e d  by PST. 
RAG1 t h r u  RAG4 1 4 5  Read A m p l i f i e r  Gate:  
a m p l i f i e r s  d u r i n g  t h e  r e a d  c y c l e .  
T h e s e  g a t e  t h e  r e a d  
R 143 Read: T h i s  i s  t h e  l o g i c  s i g n a l  used t o  i n d i -  
c a t e  t h e  memory i s  r e a d i n g  i n f o r m a t i o n .  
Read-Write Command 1 4 3  T h i s  i s  t h e  i n p u t  s i g n a l  t o  t h e  memory which 
d e t e r m i n e s  w h e t h e r  a r e a d  o p e r a t i o n  o r  wr i te  
o p e r a t i o n  i s  b e i n g  per formed.  
R 1  1 4 3  Read 1: T h i s  s i g n a l  i n i t i a t e s  t h e  f i r s t  36 
b i t  p a r a l l e l  r e a d  a f t e r  t h e  r e a d  command h a s  
been r e c e i v e d .  
SAl ,  SA2, SB1 159 T h i s  c l e a r s  t h e  f i r s t  s t a g e s  o f  t h e  A l ,  A2 and 
B1 c o u n t e r s  when t h e  P o r  B2 c o u n t e r  i s  
b l o c k e d .  
3 
SBC 143 S t e p  B u f f e r  C o u n t e r :  
which c o n t r o l s  t h e  s t e p p i n g  o f  t h e  B u f f e r  
C o u n t e r .  






T h i s  i s  t h e  s t e p  p u l s e  f o r  t h e  I n f o r m a t i o n  
C o u n t e r .  The Timing i s  c o n t r o l l e d  by s i g n a l  
SICCBR. 
T h i s  i s  t h e  t i m i n g  s i g n a l  which c o n t r o l s  t h e  
s t e p p i n g  of  t h e  I n f o r m a t i o n  C o u n t e r  and t h e  
c l e a r i n g  o f  t h e  B u f f e r  R e g i s t e r .  
SPC S t o p  P o s i t i o n  Counter :  T h i s  i s  a n  exerciser 
f u n c t i o n  which b l o c k s  t h e  s t e p p i n g  o f  t h e  
p o s i t i o n  c o u n t e r .  




S i g n a  1 
T i t l e  
S i g n a  1 
S o u r c e  
P r i n t  
S i g n a l  F u n c t i o n  
145 Step Word Coun te r :  T h i s  i s  t h e  t i m i n g  s igna l .  
t h a t  a d v a n c e s  t h e  B1 c o u n t e r .  
159 S i g n a l  SWC i s  g a t e d  t o  e n a b l e  t h e  exerciser t o  
i n h i b i t  t h e  word c o u n t e r  s t e p p i n g .  %IC d r i v e s  
t h e  Bl s t e p  c i r cu i t  and  i s  i n h i b i t e d  on command 
from t h e  exerciser. 
TB E i 6  
TP 156 
W 143 Write: T h i s  i s  t h e  l o g i c  s i g n a l  used t o  i n -  
d i c a t e  t h e  memory i s  w r i t i n g  i n f o r m a t i o n .  
WCTl and WCT2 145 Word C u r r e n t  Timing: T h e s e  are  t h e  t i m i n g  
p u l s e s  which d e t e r m i n e  t h e  d u r a t i o n  o f  t h e  
word c u r r e n t s .  
WST 145 Word Select Timing: T h i s  c o n t r o l s  t h e  time 
d u r i n g  which t h e  A-switches and B-switches a r e  
e n a b l e d  . 
1 . 3 .  PRINTED CIRCUIT CARD TYPES 
The f o l l o w i n g  c r o s s  r e f e r e n c e  l i s t  g i v e s  t h e  c i r c u i t  i d e n t i f i e r s  
(Type 2 i n f o r m a t i o n  i n  Heading  1.1) and t h e  P r i n t e d  C i r c u i t  Card Type on 
which t h e  c i r c u i t  s c h e m a t i c s  a r e  drawn. 
















C i r c u i t  Type 
A-Swi t ch  
A-Switch D r i v e r  
Blcok Coun te r  1 
Block C o u n t e r  2 
B i t  P a t h  C i r c u i t  
B i t  Power P u l s e r  
B u f f e r  Register C l e a r  
B u f f e r  Register Gate 
B-Switch 
B-Switch D r i v e r  
B i t  Timing P u l s e r  
C l e a r  B1 
C o n v e r t e r  C o u n t e r  
C o n v e r t e r  C o u n t e r  C l e a r  
C o n v e r t e r  C o u n t e r  I n v e r t e r  

















I d e n t i f i e r  C i r c u i t  Type Card Type 
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C o n v e r t e r  Coun te r  P u l s e r  
C o n v e r t e r  Coun te r  S t e p  
Coun te r  Decoder 
DMD Dummy M a t r i x  D r i v e r  2 
S p e c i a l  F l i p  F l o p s  
Ou tpu t  F l i p  F l o p  
B u f f e r  R e g i s t e r s  
I n p u t  I n t e r f a c e  




I I F  
I ROG 




1 2  
MU1 Ou tpu t  Inter f a c e  12 




P u l s e  A m p l i f i e r  
P u l s e  Ga te  
P u l s e  Gate-1 
1 2  
11, 2 0  
17 
RGP Read Ga te  P u l s e r  5 
ss 
ss1 
Delay  F l o p  












Word Coun te r  
Word Coun te r  Bypass 
Word Coun te r  C l e a r  
Word Coun te r  D r i v e r  
Word Coun te r  Ou tpu t  
Word C u r r e n t  R e g u l a t o r  
Word Coun te r  S t e p p e r  
Wire M a t r i x  D r i v e r  
Write S t e p  R e g u l a t o r  
8 








1 . 4  LOGIC AND CIRCUIT SCHEMATICS 
The d e t a i l e d  l o g i c s  and c i r c u i t  s c h e m a t i c s  o f  t h e  memory sys t em a r e  
c o n t a i n e d  i n  a s e p a r a t e  f o l d e r  and can  be o b t a i n e d  from t h e  GSFC T e c h n i c a l  
O f f i c e r / c o d e  731. 
matter o f  t h i s  r e p o r t .  




Thi s  appendix conta ins  t h e  mechanical assembly drawings o f  t h e  memory 
frames. These drawings a r e  contained i n  a separate  f o l d e r  and can be ob- 
t a i n e d  from t h e  GSFC Technical  Officer/Code 731.  
a v a i l a b l e  i s  g i v e n  i n  t h e  f ront  matter  o f  t h i s  r e p o r t .  




MEMORY EXERCISER OPERATING INSTRUCTIONS 
The f u n c t i o n  o f  t h e  memory exerciser i s  t o  p r o v i d e  i n f o r m a t i o n  p a t t e r n s  
f o r  t h e  memory t o  write and t o  c h e c k  c o n t e n t s  o f  t h e  memory when i t  i s  r e a d  
o u t .  
memory c o u n t e r s ,  an i n f o r m a t i o n  g e n e r a t o r  which i s  a f u n c t i o n  o f  t h e  c o u n t ,  
and l o g i c  which compares  t h e  c o n t e n t s  o f  t h e  memory and  t h e  exerciser. If 
t h e  c o n t e n t s  d o  n o t  compare,  a n  e r r o r  i s  i n d i c a t e d .  The  exerciser a l s o  con- 
t a i n s  a c y c l e  c o u n t e r .  I n  normal  o p e r a t i o n  t h e  selected i n f o r m a t i o n  p a t t e r n  
w i l l  be w r i t t e n  i n t o  t h e  memory and t h e n  r e a d  t h r e e  times. 
can  a l s o  be o p e r a t e d  i n  a c o n t i n u o u s  write o r  c o n t i n u o u s  r e a d  mode. I n  
a d d i t i o n  t o  p r o v i d i n g  i n f o r m a t i o n  p a t t e r n s  t o  t h e  memory, t h e  exerciser 
s u p p l i e s  t h e  memory w i t h  t h e  r e a d - w r i t e  command and t h e  i n p u t  c l o c k .  The  
f r e q u e n c y  o f  o p e r a t i o n  i s  c o n t r o l l e d  by a n  e x t e r n a l  g e n e r a t o r .  I n  a d d i t i o n  
t o  c h e c k i n g  i n f o r m a t i o n ,  t h e  exerciser c h e c k s  t h e  memory word c o u n t e r s ,  t o  
a s s u r e  t h e  two u n i t s  a r e  i n  s y n c h r o n i z a t i o n ,  and t h e  o u t p u t  c l o c k .  
e r a t i o n  o f  t h e  exerciser w i l l  now be  e x p l a i n e d  by d e s c r i b i n g  t h e  f u n c t i o n s  
o f  t h e  i n d i v i d u a l  s w i t c h e s .  
The memory exerciser b a s i c a l l y  c o n t a i n s  c o u n t e r s  which d u p l i c a t e  t h e  
The  exerciser 
The op- 
POWER ON ANDPOWER OFF 
The exerciser c o n t a i n s  i t s  own power s u p p l i e s .  
These  s w i t c h e s  t u r n  t h e  exerciser s u p p l i e s  on and o f f .  
CLEAR --- 
P r i o r  t o  s t a r t i n g  a t es t  t h e  exerciser and memory must be  c l e a r e d  t o  
e s t a b l i s h  i n i t i a l  s y n c h r o n i z a t i o n .  T h i s  i s  d o n e  by f i r s t  d e p r e s s i n g  
t h e  t e s t  s w i t c h  and t h e n  t h e  memory s w i t c h .  
111-1 
START AND STOP 








When t h i s  s w i t c h  i s  i n  t h e  down p o s i t i o n ,  o p p o s i t e  i n f o r m a t i o n  
w i l l  be w r i t t e n  i n  a d j a c e n t  b i t s  o n  t h e  p l a t e d  wires. 
When t h i s  s w i t c h  i s  i n  t h e  down p o s i t i o n ,  o p p o s i t e  i n f o r m a t i o n  
w i l l  be w r i t t e n  i n  a d j a c e n t  p l a t e d  wires. 
When t h i s  s w i t c h  i s  i n  t h e  down p o s i t i o n  and t h e  exerciser 
i s  o p e r a t i n g  i n  t h e  normal w r i t e - t h r e e  r e a d  mode, t h e  i n f o r -  
m a t i o n  i n  t h e  memory w i l l  be  complemented on e a c h  write 
c y c l e .  
Only  used  when s y s t e m  b e i n g  b u i l t .  
T h e s e  s w i t c h e s  a r e  used t o  write d i f f e r e n t  i n f o r m a t i o n  i n  t h e  p a r a l l e l  
b i t s  o f  t h e  memory. Each s w i t c h  c o n t r o l s  b i t  n and b i t  n + 20, where 
n i s  t h e  number o f  t h e  s w i t c h .  With t h e  complement s w i t c h e s  o f f ,  t h e  
i n f o r m a t i o n  w i l l  be  a s  i n d i c a t e d  by t h e  s w i t c h e s .  
ADDRESS LIGHIS 
The a d d r e s s  i s  i n d i c a t e d  by t h e  a d d r e s s  l i g h t s  o f  t h e  f i v e  a d d r e s s  
c o u n t e r s .  T h e s e  c o u n t e r s  a r e  t h e  I ( i n f o r m a t i o n ) ,  B, A ,  PO ( p o s i t i o n )  
and PL ( p l a n e )  c o u n t e r s ,  The s t a t e  o f  a p a r t i c u l a r  c o u n t e r  i s  t h e  sum 
o f  t h e  l i g h t s  o f  t h a t  c o u n t e r .  
36 p a r a l l e l  b i t s  i s  b e i n g  a d d r e s s e d  and t h e  B, A, PO, and PL c o u n t e r s  
g i v e  t h e  word a d d r e s s .  Dur ing  t h e  write mode t h e  l i g h t s  i n d i c a t e  t h e  
a d d r e s s  o f  t h e  n e x t  b i t  t o  be  r e a d  o u t ,  and t h e  word c o u n t e r  g i v e s  
t h e  a d d r e s s  o f  t h e  n e x t  word t o  be r e a d  o u t .  
d a t e  w h e t h e r  t h e  memory i s  b e i n g  e x e r c i s e d  i n  t h e  write mode o r  t h e  
r e a d  mode and w h e t h e r  t h e  memory i s  b e i n g  r e a d  f o r  t h e  f i r s t ,  s e c o n d ,  
o r  t h i r d  time i n  normal o p e r a t i o n .  
The I c o u n t e r  i n d i c a t e s  which o f  t h e  
The c y c l e  l i g h t s  i n d i -  
I SWITCHES AND PBI 
Dur ing  t h e  d e b u g g i n g  o f  t h e  memory, i t  was o f t e n  d e s i r a b l e  t o  t e s t  
o n l y  o n e  o f  t h e  36 p a r a l l e l  b i t s  f o r  i n f o r m a t i o n  e r r o r s .  
t h e  PBI s w i t c h  i s  d e p r e s s e d  and t h e  d e s i r e d  b i t  i s  d e t e r m i n e d  by t h e  
sum o f  t h e  I s w i t c h e s  which a r e  d e p r e s s e d .  
To d o  t h i s ,  
WORD !SWITCHES AND PSWI 
D u r i n g  t h e  debugging  o f  t h e  memory, i t  was o f t e n  d e s i r a b l e  t o  s t o p  a t  
a p a r t i c u l a r  word a d d r e s s .  To d o  t h i s ,  t h e  PSWI s w i t c h  was d e p r e s s e d  
and t h e  d e s i r e d  a d d r e s s  s e l e c t e d  by d e p r e s s i n g  t h e  a p p r o p r i a t e  word 
s w i t c h e s .  The d e s i r e d  a d d r e s s  o f  e a c h  c o u n t e r  i s  d e t e r m i n e d  by t h e  
sum of  t h e  s w i t c h e s  d e p r e s s e d  f o r  e a c h  c o u n t e r .  
s t o p  when i t  c y c l e s  up t o  t h e  d e s i r e d  a d d r e s s .  The exerciser w i l l  
The exerciser would 
111-2 
s t o p  d u r i n g  t h e  write c y c l e  i f  neither c y c l e  s w i t c h  i s  d e p r e s s e d ,  
d u r i n g  t h e  f i r s t  r e a d  i f  t h e  l e f t  c y c l e  s w i t c h  i s  d e p r e s s e d ,  d u r i n g  
t h e  second c y c l e  i f  t h e  r i g h t  c y c l e  s w i t c h  i s  d e p r e s s e d ,  and d u r i n g  
t h e  t h i r d  r e a d  i f  bo th  c y c l e  s w i t c h e s  a r e  d e p r e s s e d .  
-- READ-WRITE SWITCH (RWSW 1 
T h i s  t h r e e - p o s i t i o n  s w i t c h  selects  t h e  c o n t i n u o u s  write mode, t h e  con- 
t i n u o u s  r e a d  mode, o r  t h e  normal w r i t e - t h r e e  r e a d  mode of o p e r a t i o n .  
Note:  To s w i t c h  t o  c o n t i n u o u s  write t h e  exerciser must b e  i n  t h e  write 
mode, and t o  s w i t c h  t o  c o n t i n u o u s  r e a d  t h e  exerciser must  be i n  a read 
mode. 
ERROR -- OVERRIDE 
If a n  e r r o r  o f  any  t y p e  o c c u r s ,  t h e  exerciser w i l l  no rma l ly  s t o p  a t  
t h e  a d d r e s s  i n d i c a t e d  by t h e  l i g h t s .  When t h e  e r r o r  o v e r r i d e  s w i t c h  
i s  d e p r e s s e d ,  however,  t h e  e r r o r  l i g h t s  w i l l  come o n ,  b u t  t h e  exer- 
c iser  w i l l  c o n t i n u e  r u n n i n g .  
ERROR LIGHZS 
These  l i g h t s  i n d i c a t e  t h e  t y p e  o f  e r r o r  which o c c u r r e d .  The exerciser 
checks  t h e  memory i n f o r m a t i o n ,  t h e  f i r s t  s t a g e  o f  e a c h  word c o u n t e r  i n  
t h e  memory, and t h e  memory o u t p u t  c l o c k  (MIC) .  
EFCL -
T h i s  s w i t c h  i s  used  t o  manua l ly  c l e a r  t h e  e r r o r  f l i p - f l o p  which becomes 
set  when a n  i n f o r m a t i o n  e r r o r  o c c u r s .  D e p r e s s i n g  t h i s  s w i t c h  t h e r e b y  
causes t h e  b i t  e r r o r  l i g h t  t o  go  o u t  a f t e r  a b i t  e r r o r  h a s  o c c u r r e d .  
PMRW 
T h i s  s w i t c h  was used o n l y  when t h e  sys tem was b e i n g  b u i l t .  
BC STEP (B lock  Coun te r  Step) 
Dur ing  t h e  debugg ing  o f  t h e  memory i t  was o f t e n  d e s i r a b l e  t o  c y c l e  
t h r o u g h  o n l y  p a r t  o f  t h e  memory. 
Coun te r  S t e p  s w i t c h e s .  I f  i t  i s  d e s i r e d  t o  c y c l e  t h r o u g h  o n l y  one  o f  
t h e  24 memory p l a n e s ,  t h e  exerciser would be c y c l e d  up t o  t h e  d e s i r e d  
p l a n e  and s t o p p e d  ( u s i n g  PSWI), t h e  PL s w i t c h  d e p r e s s e d ,  PSWI removed, 
and t h e  exerciser t h e n  s t a r t e d  a g a i n .  S i m i l a r l y ,  a p a r t i c u l a r  p o s i t i o n  
on a p l a n e  i s  c y c l e d  by d e p r e s s i n g  t h e  PO s w i t c h  a f t e r  t h e  d e s i r e d  ad- 
d r e s s e d  i s  r e a c h e d .  Any word a d d r e s s  can  b e  c y c l e d  by d e p r e s s i n g  t h e  
B s w i t c h  a f t e r  t h e  d e s i r e d  a d d r e s s  i s  r e a c h e d .  Note: The b l o c k  B and 
complement B f u n c t i o n s  canno t  b e  used s i m u l t a n e o u s l y ,  and t h e  b l o c k  
PO and complement PO canno t  b e  used s i m u l t a n e o u s l y .  
T h i s  was accompl i shed  w i t h  t h e  Block 
GENERATOR INPUT 
An e x t e r n a l  g e n e r a t o r  m u s t  be c o n n e c t e d  t o  t h e  exerciser. The g e n e r a t o r  
c a b l e  i s  a t t a c h e d  t o  t h e  c a r d  l i b r a r y  i n s i d e  t h e  back o f  t h e  c a b i n e t .  
111-3 
The exerciser r e q u i r e s  a n e g a t i v e  p u l s e  g o i n g  from ground t o  -8 v o l t s .  
The p u l s e  w i d t h  i s  350 ps, and t h e  f r e q u e n c y  a n y t h i n g  up t o  500 k i l o -  
c y c l e s .  
The memory i s  o p e r a t e d  w i t h  t h e  exerciser by p l u g g i n g  t h e  exerciser 
c a b l e  i n t o  t h e  memory, by s u p p l y i n g  t24.5 v o l t s  and -3.0 v o l t s  t o  t h e  
memory, and  by p e r f o r m i n g  t h e  f u n c t i o n s  d e s c r i b e d  above .  
The exerciser l o g i c  p r i n t s  a r e  c o n t a i n e d  i n  a s e p a r a t e  f o l d e r  and can  
A l i s t  o f  t h e  draw- be o b t a i n e d  f rom t h e  GSFS T e c h n i c a l  O f f i c e r / c o d e  731. 
i n g s  a v a i l a b l e  i s  g i v e n  i n  t h e  f r o n t  m a t t e r  o f  t h i s  r e p o r t .  
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